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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To form a buried interconnection which is 
dense and whose reliability is high by a method wherein 
a heating treatment is executed in such a way that a 
groove or a contact hole is filled by the reflow of a 
conductive film, the conductive film in parts other than 
an electrode-interconnection formation region is then 
polished and removed and an electrode is formed. 
CONSTITUTION: When an electrode interconnection is 
formed on a semiconductor substrate, a conductive film 
8 which is composed mainly of Cu, Ag or the like is 
formed on a semiconductor substrate face 9 in which a 
groove 6 and a contact hole are formed in advance in a 
region in which the electrode interconnection is to be 
formed, a heat treatment is executed while an oxidizing 
gas is being supplied, and the groove 6 and the contact 
hole are filled by the reflow of the conductive film 8. 
Then, the conductive film 8 other than that is polished 
and removed, and the electrode interconnection is 
formed. In addition, in a heating treatment, a reducing 
gas is supplied in addition to an oxidizing gas, and the conductive film 8 is made to flow or 
reflow by using a local oxidation- reduction reaction so as to be buried. 
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(2) 

1 

¥«<*Sffi±©mSIB^£^J&Tr^*M^CC. «tfc<fci>' 
n>£^ |-*-.>l<©4>&< 4fet,>-fft#>£7fctS:U 

ffiJI&^ft/c-^zS&SffiiiCCu. AgfcitfAu©^ < t h 

o - l/t HUlB^fc <fc O'/S > # * h *-;i<rt9&W 10 
$ ft £ cfc 9 tcAMjt&ll L/ . *i<fc CflBffi£iKl & JfM"T^ # 

<jxtsm. 

[fi5tQB3] BffiBift*5<J:tf=i>£* f-*-jU©iKc< 

«t4>^-rft*^^^$ftfc^^S«±{C. Cu, Aqfc<fc 
t>*Au©4>& < 4 fc 1 S^r^^i "T 6««M*fiSJK-rSX 
fitt. &{M&fti«Sti£WT£^f?^6fcSSfl— ©SIS 20 
R*TttK4 LT*ffB*3S»S«±«:^-rSXg?:$ 

t» c 4 znmt ?zm>m i £ fc« 2 jnets©^ 

*trfB»*J«tO'=i * h sfc-;l/©iKc < 4 fec^-Tft*^ 
W&frfcttftlU. 30 

MfB*mSI*5 ij7B- Lt BMiBStte J: fe.it a 

* h^-jKcafittftsftSJz^tcjnsyaa^Jteu. *>%fco' 

[»*«5) *»*«E±«:«ilEai*»iar4*3l 
BtflB^*jJ:C>'=»>^ * h *--iU©4>& < £ kt>-rft*># 40 

^issft/c*zg{*a«±tc cu*iftir&aw»bj: 

*irffiWWK# 0 7a-lt buIB**j «fc t>V £ fc« > £ 
47 h^-;UA55£»3ft.Scfc-5fc»nS^iaffiL > te<fcCfS@ 
IB&£^j£T^#«i$J^©^SIg*¥f^«: «fc <3 

mum. 
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=J>£? h*-;l/©4>&< ifet-^-Tft^ff^l/. 
H«l3«*JcfcO*3>»d' h*-;U©d>&< 4fcUTTft*># 
J&K 3 ftfc¥3K*S«±(C3j|«M£l£18 0 . 

o ©^mM*5 'J7a-i r lu f m*s «t u/ * it 3 > 

@fiB^?:^fiS-r-<#M^tJa^©2i«fli?rW^CCj: 13 

umm7) mizmmmwxm-cit, mimx*** 

F^-ju©^^< t«>^-rft*^ffJi9:L. 

HMlB^*i«fc > * * h * -Jb©il>J& < t i> U-f ft*P#S 

igsnfc^is^Mtsi t i>ic. 'ptn <it 

K^ttt^«r«#&l,&*l6. Cu, AqfcJ:t>'Au©4>&< i 
M $ 1±. Cu, Apfc J: 0*Au©4>fr < i 1 ffl5r±i* iT5 

^^m<t -r ^¥^<*^g©ssi»^& 

J: o'ilTctt^x £{ft&T ^ c i £ -r 8 la 

«©*s. 

1 0 ] BifgBMIBmfc Jrofa >^ ^ h*-;U© 
4>fc < £ t> i»r ft**ije» 3 ftfc^^»«±«c . cu, 
Aqfc«i:afAu©^^< t i> 1 41&£tt&-r£3Wlgt£j£R 

mzstsctzmkt * zwm 8 * fat 9 1 ats©^- 

wrfBSMs <£ 0*3 > * ^ h * -;U©^j: < i 4> i>^*ft*>*s 

<«Au*3E*£-r-5R £fcttCu. Aqfeb<WAu©^{t 

im«*ji5jaiiyfc*aw*»«srjin«ft-r*i4fe{c. cu. 

Aq*J ctO'Au©ii>^£< 4 1 ^BuiB^fciO'/^ftLttn 
>^?^ h^-jn^tcjjtsKia-tfr. cu, AqtoJ:o*Au©^»5: 

ism. 
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nmm i 2 1 mtmmmof&mjLm-c . sabtt*'* 

i ia*©^ffi„ 

i 3 ] mm#mmiicnmffl&&Bf&?z¥ 

JBKS*ite*a«MSSBB{c. ilMMb, 10 
sylSSifc J: OV * tc it 3 > # ? h * - ;Mc %m 3 

J: *) NsScOt«fiEt%MO., *s<fc OByiB^M*^ 

is***- s c t t ?2>mm&m&<DMm.Jsm. 
co o o n 

■r-s. 

[0 00 2] 

[*£*©&»}] 4WfWI. fciittfUffl^-W 
*Ccf^3ft5<fc5tt*8ligi&Ss« <«SHh1»3R-T-) it 

ttfbfcsft&WteBsfcStiri,**. *t/T. COMMISSI 
(co t, »r us i »*ife!&K*i«£ dwpsk fef^sns 

xu^ h aw^u-v 3 >fttt©WtM^rie 30 
JBBJEf S c i ft t'tc «fc 0 . *®ftiga©«W14* ifii 

[ooo3] c<Dao4om*ttiKK:«c>r«. ft 

IW«©»ifc*£ UtB. /< » S^c-f a >ffi©ffi§im^ 
fb. te«fcCJW*W©fiSfn{b*Jefi53l<!:<C*. C©<fc5 
ftS*K*fl8?r*BIR*m<b l/ttt. A1& 0 < teAl£- 

3 6K«ttl«fc0«»JB!aa<ffi<. *»oJt«©iitt{b 
X*jU+*-#AlJ£LL©Gu, Aq&<t**%I?>tirCi4. 40 

[0004] — OT£*«iBlSl©ftffi<b<cu> *©fti 
X3Mg<h t,T. — ASEltyC RIE(Reactive Ion Etching^ 

y 7 -7 -f CCfcW €>7fe©SWCC<fc £&#©#i£fajs. RIE 
tC*»W S«f ttl*rt>ift»©# ffitCjfaHT 2,J]nX©^li3-tt 

tt£©ma#ub&. *ur. cn6©F4S«c«to-r. is 

[0 00 5] Sfc. CuER©JS^-(C*j<,>-C«. fcixlf 50 
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RiE^rtexUcfc^iLrfe. cu©^-fb^^ w&Bjtt 
4*©^mjE*±w'cfc^<f:-ri)t. mtRjb. ?v\WLfc 

mt*. o*>u cft^KjSK^rt.Uf-Su^x ustt 
fiPfiEt,&«,»©r. «gmWtc«®ia®©fSMfflttix*s5^Sr 

[0 00 6 ] £6{C, -f*>5 <J>>?lCj:Z®imMfiaJL 

#?£©i§-£tt. -Y^-^^-^ccjro. Jraxfa©^^ 
[0007] mszmm&gimvwL&xm-ecD&s&MJL-ft 

l,00£>&„ •t^cfe^. CMPCOiemical Mechanical Poli 
shinq)S?^J©#ia«:j;0. atoiA^ie^it^^-C. B»f 

/c*^»*«. fci^.«si»«©se»iMtS^fiXffi±«:ite 

(iimn> c<mmm<Dnm&mzB!&-r 
[0008] i*a>-c, fria«#w^i-©j]nx?:teL/cffi 
»d« (»*tt^^?*) . i>L< it cvtfSci*©#ffi(cj: 
MIS*i« (fiJcM) bfc^«*y 7a-3t 

[0 00 9] C©£#. ^attffliSmJTSSffii©^ 

[00 10]^ 12«ffl#J15r';7D-$-S. «rt5: 
*«*U«>Sfc»©J!in«l«fflitt. CO&AIUBRffc. W 
SS«:«ofcS*tf C2)#«ccu-^Ap©JiSyift. — 
B&KiriKlcMI&UtcmHiit* MtMKDWmMWXTV 

E^^KM©ti^. iS^S©7*-5>y*'x ( n, teJ: 
D 1 H, ©tM^*'X-C. Hi 7^S«10-20%) f "Ctf 

[ooi i ] 0*0. t^-rn©ti^€>. BMbtt^^*« 

[0 0 12] cct. BWBD^n-^ajc^fco-r. 
2o©raiS**s*i. 

[0013)11 cct*. S25(A) (c«aM«i«c*-r«t s 



(4) 
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mm*. isioDgg^x i.s~ 2.ofg(D^ticgi$h 

&„ c©fcs?>. y 7 a -f&MSjl?! T\ Sti^x^-;* 

^3a*526£U 025(B) (CglSeWtCm-r-t^tC. MSB 

at i rt(cs?L4 jftqgfiS -3«#o-cy 7 o-*k«t*. 

0(C*5UT. 2. 5« SiQ, M. SiN8I&4'©ii& 

[0014] CCD* 3 etcmSTSi. BugeiS^ffl^JS 
£ X /< y $ b < «*£^lffc i'CD^S^S-CiSaT 10 

«>> *©»*A»fiR#«:j: 9» 1 fyjx-<-X2a±©it« 

£U ?t 1 ^CDita^rFfl^-T-S. CCD«fc^«C*-^- 
^>^Ofcgi5^3b*5JiSSUfct*;!!M-C»ffl ; S:tf 5 4. ® 

mmti:£icj:^xmm±i>*imu-c> c©«msb#©j$ 

2dfflC9illS**jatfr*. CCDX-^-X2a^CDa*£^f(C 

U C©^P«3l^CD^S-CBa?St?#^t,iCD-C. ■£ 20 
©«© CMPCEBOJDIOtet*. BMrttCSjPttfgMO 
fcJ&!!g*&SC4icfc£. 

[0015] 1326 (A) tC^WfC^-T «fc *> 

iirfaw.fc^^-T'y ^^3a*ffe4L-^£< r^. >;7o 
(DMfflto&m i ra^.-^-^2a±«:eR(,i±tf jgirt 

&n ^ciia-^c H26(a) K^a<j{c^-r «fc -5 
^*8rr4^»i©»«i3W6tf'r<5. ba>b&*5?>. c © 

IB . W®x * ju*f-sy>*|g«tf> 4 C fc*«JS 3 ©^8ttj 
#3 &CCjiat>6*-i&. *LT, C©4#©ii§c)®3©*£ 
i6^«^-<-X2aJ:©*iSfii»l 1 rt©li«fi©Bg^ 
*tt«csrcflS£-$-.S4t&&© 4~ 3Sticjitb 
WLrEj&mir-rz. 026(B) telgsSiftfc: 

©xa-, *-c±t«3-t*£4. ffl»3fcj»^y7ia-J)Waffl 40 

^f^frtc. ^^-^2awciiSfls©ats*5^b. m 

1 (*3CC£?L4a5£D&C 4 fc&S. 
[0016] 027 (A) . 27 (B) te<fcO'27 (C) 
*©»Dl»^^'-y £ y >^*£CCfdUT. at 1 rtfClEi^ffl^ 

$>z>. -MttwzwBmm&mox'tytuz. &js©stftfc 
ct i> imm<Dt§mzm <• ft «>. Ar#* % <t-©^rgtt^ffl 
M^-ctf^n^.. c©4£. m i *«wfcsi»«ffl{c» 
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[0017] cct. siS«*Jinf!ftuft*i6-x^f f y 

>y*«:j:o-CRHR*ff-9W»^. 027(A) tc^-Ti 

«fc^«cS«*ig«*Sc-r. #«:. j* l ©rtSttttfltS 
KtfsofcaMc. messye#>Kif(ci&c')ii(r>. -eo 

SH 1 ©?* 1 ^^©Alto^tf 027 (B) Ct^T 

.t^ct, mn$XDmw.&m<D?>&&i?cmci8.m-rz. c 
*»i/fc**<tttr»r. 0 27 (c) ic^km^icmi z 

£8101 3 "Cif feiMf C 4 #-e* & < ft T I, * 5 „ 

[0018] ±E©«t 5k. aftemaMt-cAiieft 

o/tif^ X^-*2a±rit»^#:*-^-^>^Uft: 

^3b©l»«:j:-»-c. aiirtciiaKilictt^rx^ 

-X2« L h©«»iW3W**C»©'C. SulB2-o©Pu1gi^Sg 
MO)Ktl>. H?IB?»lF«9©«afi^ii^-r*6fei 

J:r>-C!£Wft££D. X-^-X2a±:*>6«ll*3^©*fS 
[0019] 3 BUta CMF^I5£ffl<«>fc««W&#fH 

*©l?g. TJSMif4^ 6 ©3t©SLSS*ic «t ^ r . UisX V 

Sfc, TiNdti. cu©<fc -5 «:$a^ft«:ffiSS{ LB^IBSSffl 
^««:S*"r4!ftlSt^yT4ortffic>6tir»,»4. 4C 

lB«ffl^JS-C**cu*!il»Ktttc^L<, 

wimm.K.£.-o-c3- -J ?>m*«f ^c 4*sfflifr* 

[002 0] — friBtt*ii*Ei»*3S;«cJ:SIB«l© 
l^*f^>4*. THW^jS^cc^y -v'»yu«ci>c 
f4*isacc«j<y »^>y-tt-rtc|»*-rs«:tt. tinBIJ: 
0 . C ©*t^©SlR«c 4*{C^ < ©Hlt^f*^) tc K> > 

xs«©«wina fJB*r z>* 

[0 02 1 ] C©«fc5&R3ffi«:*tL-C. TiMWctO^S 

w^ffi< . #y i>f>*attfcat» c (*-*» r 



I 



r. tuieTJSWWwJifi&tf y ~y~»^£[iiigLv&as£> 
*©»tt.fcj*«:# orm^ti, ffi|g©^^i5tfMI© 

[0022] 

r U 7 p - JIWBHliaStt i-TTia©l6iSM^ 

muHKSi- ut. y +—y *;he> o < (JUP^^^fijffl u 
r. (^si^cetttfc*s©*BK^fcS&*iTi» 

«>. jssw^tso y^D-jsatcfij^^'p. 
a«;7P-iaK**«o»&«,»tt«j«:*4. wee. as 
©x/-c? ^«:<fcr?r^R£L^)iffi?ry 7P-5-&-5CC 

fct, tctiUmM&tp-C 750°C, lOfl-J^O^S*^ 
RittiO-C, S5fBS€6iB.IS^J5©tl;tScCC«fc^*^iKf 

[0 023 ] C©>^m©— Oi tT, X^ v Z%L?(D\g. 
©*t?MjH*!*-5. 

[0024] */c. m(ommmm<DBjmmtbx. m 

tR CVD (Chemical Vapor Deix>sition)tCj:£?ftla?>&<& 
[0 02 5] *»9itt±B*tmc#&UTtt;5ftfct>© 

nm-rz c &^tt&a©Kj&2r&«aet4- s 

[0 02 6] 4Mttflra»IUiglAMi«*a*- 
"31. n>^^ h*-jUc. igmK^y ^d-S-li-SCi 
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[0 027 ] S <E>tc. ^9Jttttfl^M&j$ttffi£/i&-r 
[0 02 8] 

Sfc»©*BERCfflW] *««KffS» 

J$$I«te : ?«>jfl*s«i:a t :3>£* r*-.»u©4>&< th^ 
io ^*i#>£ff^U7t*i»fta&_h«:. cu, AqfeiD-'Au©^ 

iMbte#**^Ofc#6t9IB*W«# 'J 70-l/t, 
ilfi© y 7 o - 6C J: o X m&m*s <k V/ & fctt a > * 

®iB^J5SM«tm©««M«r«T««: J: 0 1»* L tig 

[0 029] */c. #fe?§K:^6lg 1 ©¥attf&B©£l 

20 y 7 P- 3 -B-S C £ fe^9J©»t#»Cfli*i|S»©- 

-?x$>z. 

[0 03 0 ] ? ^UKtlif 1 ©SIKfc 

«r5BM*fctt*/*©#BE**. «SS©^t©¥« 

#E<fc9/h3».»c£t> — ?o«itr*s. tsfta 

©it-ft;tt**X©^Jl«. lxl0r'^f>5x 10- s Torr©|g 

m ©^f**«©H£#ffiK*»<.>Ttt. B?fB©Cu. Aq 
fc«fcCfAu©il>& < £ 6 1 «*±#±T*S*WB©T*<!: 

[0031] t ©i?g. w ^ u < izm— omnmz^mi* 

8B»-©3»«gl*»liS-j-4««f». IWEHMttt#*«ej: 

tsastcte w s *c7x © a s x * >\>¥-m tmvfi 
x. 9i-fc.iimm&fflm'i y i'-n©^bst&tcfcw-5 

^ © S S x * ;u+--^bfi©,ffe>Fffii J: o & t, »#js 

it. Nd Ti. Nb. La. Sm. Re, V . Ru. Rh. Qs. Ir. Pt 
40 <(C. Nd, La. Sm«, ^{tJa&GCfcW&^XWg&X 

* ju+'-^ta©^*]^. y £ L/Tf-^wcc« 

^¥-SEfba©i6»ii J: o < . /< y +-JB©awt* 
»»i-r*ja**«*#t»©T?. 

[0 03 2] *»i&CCffi2ft2 ©^tt&B©»£#& 
«, ii£«ftSfi±(cSfiffi««^fi»-2ii£»{«BtB©lt 

so ±*^6— NBftefifeU B5IS««^*sy 7n-lt 
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zwmic ct o m& u r gsi3g©jgfiBg?T 5 c <t 

[0 033] #ffe^CC^SIfl3©¥jg#£Sg©Sii££Sc 
*S_L«:cu££<* i T 2>Kte J: 0*Ag££# t T SJRS»JS 

/5Mb. mhntcmmm&ixM&mzifcumnmi <j y io 

BS«««i^©««l%W«K:«fc 0 Bfcfc l,T««BE*©« 

[0 034] ^^{C^S^4©^^g©Kit73?£ 
tt. *^i*S«LhCC*ffiEta?:^-r-5*3S»^g©$!{ 

h*-.»U©4>&< i*>c»rti3&»*»ROfc*i3W«i 

tJa^i'i' h*-JU±2«{cttS-rS3)MMi©i|[3*J» 20 
< ft £ J: 5 K— 0 . MMil^Jfe L- . 

^©aimns* v 7 a - $ #r . iMfe#MB<fc fc» 

[0 03 5] £^»WCffiSS*4©iHa»tt£S©Kjft 

^rffitt. iw!E©;IM&sx*i{ctei>r &4ttt# * *$<*: a' 
#*«±Km®ia^*^-rs^(*^g©^*a«: 30 

u, ApteJ:a f Au©ii>ft< £€> 1«£. iffl82if|:te«fcO t /* 

fctt3>£^ h*-;Urt«Cjjfc8&3-l±TCu. Affte<fcC>'Au© 

»*j <fc t>'/ £ tt :n > £ £ I- * - ; wc 3c« $ nfcSSE 

[0 03 6] 3 *>CC. 5 ©¥3W*£SE© 40 

*'xte<t O'Sjutt^'^ CiKJrO mSim h 

[0037] *yt. *^tc^5^5©^(*sia©iss 

< * J: 5 K . *fcfiSims»#tt*3W*»R« 
EE£©¥ffi#E<J:»3 fc**<&£J:5(t t jlTctttfxfe 50 
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[0 03 8] 3 6CC$fc, *^WCC«S^5 O^MMW 

5. BufB©gHbf£#;*©#Ett. lxl(T'*6 
5 x ia s Torr©SBHrtr*>SC i5r#Si<fr-S. 

©cu. tafc£UNjD>ptj;< tt> imzz.#t-?zmnm 
[0039] c©». » * l>< izm-oimnmtK *m 

=P^^©@Sx^;u+'-^tS*i©f. SfctBttttttM 
sg,* y ^-jg©&ffcSj£{c:teW3¥:/X©S&x*.>l/=F 

[0040] m&tmcm%z(Dm-(D£mt on*, n , 

V.Cr.Ni .Nb.Mo.Ru.Rh.Pd.Sb.U.W.Re.Os.Ir.Pt.Tl ,Pb,B 
i.Nd.Sm.Er ©8f©i*>J&><=>igtf*i;te4>& < <b 1 m&m 
*f6tl. WK, U,Nd*5«fcCfSm©»*>6a«tiyfciJ>tt< 

[004 1 ] ^m(c^960¥4M*^©Ha#tt 

**l»«Cu. AgfcL-<«Au©&fbJg*0JjSO-ca> 

6. HUfB¥*»SS^»P^-r-i.<b<tfe«:. Cu. ApfcJ:t>* 

au©4>&< it*. mrfe?t*5<fc<y : /*/cB=i>^^ 

h*-;Urt«CiSSE«j3-«i-C. Cu, Aqfc<£t>'Au©4>&< i 

[0042] a*, c c-c©Kis*gwrs^ijg*> 0 

[0043] 3 *E>{C*^tC^S^6 ©¥®ftJ|g©iS 
mfiffiii. ^{btt^Xfc«fco;a7ctt^X?rtt*SLft*JiE. 
^mM^RKMf S C £ tc «fc «)49»^W 6ia & . 

[0044] *imKffsft7®4amM»«>it*#& 

^-;u©ii>ft < <t 4>c»-j*n*>*Jg«0fcffi«:aMIBI%fiS 
■llyfeft. HBE»<>Ktt3>*i» h*-;KC3S5«3h 



u 

[0 04 5] «T*^BJ5r § e»(C^-r •£„ 

[0046] mzE&ftw&m 1 -flaw^^^- ? 

i'-CfiSMO/c^mM^ 600"C«T*Ifi©{£iSfi-C 

m<D')?a-&£i,cmffiw:%iic£*)mtf? -set. §6 
tc«. i«sjirt©-l4)r>*AiK;K^iiniiu-ct,^c<i:«: 
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10 [0048] ©fPJ©i#£(i. CuJig, AflSi. Aulii© 
^®ffi«jt{C«fc^V7P-W:^fc-?-C. CuSi. Aqfil. AuJK 

<Dm*ffiS<D<)7U--UBilc±W2-tk2>i><DX-$>&. T 
cuj«©t§£. cu©Mb, SjcSrt^^Jffl-r* 
*>©r-£>s. 

[0049] $fc-rM7c£i£©*§£\ M7iJx.m1.cw >>§tm 
& ( l ) «:se-oTCuM5r^gpe<jtcSfS©'J 7 n-sfitc 

[0050] 



[0047] T&fcfs. -$ct^ttl&S1£{bM^-Ci&* 

CuO + H 2 -»Cu + H20 - 20.8 kcal/mol (at 700K)-- ( 1 ) 

CCX-. amit^KDMTcm.mmt, tct*.l* h> . c 20*££|Hjfga©StMft;ffcasjitTl,T 



J;ot, ^WWiCWiJ; lOO-CflSOiaS^ri^b/ciJK 



©«JStfcR4C£K:fc*. 

[ o o 5 i ] ^tjg]cs©jg^. MiBcuie©^® 
(2) set?**). cu8gfb%£cu£©j?ffir©&txttfigii 

[0052] 



Cu + 1/2 0, 



CuO - 37.9 kcal/mol (at 700K) 



(2) 



c©J:^(c. ^bJ5)£*5J:o*jl7cJS)£©ffi^^-t>-t±tcJ: 30 
fiftll*s/cix.tf 300*Cfig©<Lg"C&. ^ 

-c. ^^^-©cuwteti^wj. m±utcBx. m 
zcimxmBt£mib&t$t±&Bimkrj;z. $/ c . Aqsi 
©*§•£«, ^B^b*5 o, , n o ©t^-rn-ctf 

^■ctt+^^ >j7o -ras^si« s ti 

[0 0 5 3]*fc, ^t14^*X©^2iA-C4>. SHttt 

^^^•E^^asstcfcut:. ^b©¥^JE<toffi 40 

< (^ftWtcJi, i x 10" 7 *>6 5 x 10" s Ton- fiffi) IS 

S?n^i. cu£8Hb-r£c£#<. ci^®-e©^bi4 

**X©-fb^eR# (chemi-sorption) *J«kO*)!}iSt (de-sor 
ption)J5jE;^jt^3-t±.SC i*i-5J#gf&0 . C©SJStC 

mm?z**^*-icj:-yxm.wwM&mm$ti <jya 

[0 05 4] Ctl6©^«Cu«:Kg6rAq,Au tet'CDM 

i> 0 c©£#. mf&rt^tisX o, , C0i , h, ote 
i'^SK, *fccne»©ig^*'xc|3rflD^MS^tf so 



[0 05 5] fcLh©J: ^tc. ijbtt*^SAMWf 
^ciJcJrO, 7a-SK©[SS{b*SpJ^<b^-2>. 

[0056] fr4o\ C©«fc-5/cCCu)li«. -fl§W(C«JiBCu 
tphfc&ifi. mile V ^ o-SJKiBH-C®7c^FoJ^^7c^ 
A5^p$nrur4>. j&^ws#ioMT%JjnF. ffsi 

mmx ®7c^pjte^7c^©mwa^io^T-%^fflx. ^ 

t . )!S£lffi#c©7cji©I^bJjI-c$I:bnr >; ^ n 

[0 057] Cuffi©fiSM^ffi(*. ji^©^.M--y £ 

ft) . ^';=i>^x^-y^'j>yft. ic^ 
fmmocumft<D&£knm>k4^<Lx*sz. mmmm 

<0^ B i&m&lcW^xm^t^n^x- * JHf-«r«HJT 
^.t. Cu)l©'j7n-*5{Sji§ns. )?£)SB#«: 



(8) 

13 

(omntoamotismifi °if& two. v?b -Mm* 3 e> 

mt-50 VtLhrt*33$U>. $tc. BiisBCuJi«. wtn 
{HilTtSSriSB^Jjn • c £ <Cct <o . -e©^ 

£U(,>„ 10 
[0 05 8 ] 3 e>(CK{btt^^fe«fcD t Jl?ctt^/X©M^ 

#**H»(C«;KiI>fc < £ 4> 1 HBS-r*\ 6 L < tSBMb 
t4#x -M7c1*i-#XiE£#B£Wc^ft < t 1 isiRs-r., 

[0 05 9] iMfctttf** •fccWKGte^oate- 
^^©^©vf^i-r*,, -rftfrfj. c©»£tt. m 

©SP^SP^r^ bSJCt ±M7cm.fc £ ttp]B#«: jiff G r t, > 

ccti-g-tj^ mifBcujeo^b. cum<Dmm*5^m 30 

ig{*g«:£f*©?&g±#?«c «fc 4Cu©4£«E*« W -5 tcxb. 

-fg&t4Bi>rtt. cu^tJK^^-rsfcaexc. fM&Wtt 
$€ H, %i©M7ct4#HmtC^-rciA5»SL.C^ 
[0 060] ft 4b, mife^^bSfc;4Bj;D : jl7ES:iS©#H 
m{3:7*7X^cti-cfeci:< . fciTUiStfbtttfxX^Xv 
4oJ;C>*3l7u14**X7'7Xv^<lSiJ4>L/ < ttlSJB^ccuSStc 

6 4l 5. CCT, 77X7iLttt, rf, D 40 

c. ecr, 3>jg^7Xvfti*sj(f^ot^ 

-50 VtTFrt*£I2:LA>„ $ Cft<E>©C iliAg^Au 

[0 06 1 ] *fc*»W«Cfi&S» 1 ©*®f$^g©S!{i& 
#?£CC4Bt,>-C. ?84b £/ctt=i> 2^7 

^snfcarafc. HMb»^^*^T*-©i*«* 
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K<t»)cua2Wi*iai»*^jswsi». ®Mbi4#x©??£E 

TK4BW£M^aK4Bl>TTftK#^b34rC& > *g 

[006 2 ] [5Jift4T.«B5^Ufccfc 5 (C. CuSfctiCu^ 

itK. «fc S ^ V if -e * S t» »S«3lffi©JSt»t-bJ?*E* <; 
S&fcWsiHtc**. cc-c^b«j©*«:». iS^e^tt 

^tofetD^SStS. tfiRtfReO 3 -^NbO fti'li. 10 
C £K:J: *K ^fbtt#X©#irRC4BttSMteffiKJ- 

OTfl&^®{b$nfci#-^cc4B^-c4>. ^gpsyctt=i> 

[0063] -T ftto%. Mita7cSlB**Jffl Ufc >; 7 a 

«. ^bJ5lE»5cu©TJi{c#fi-r€ > ^'y+-H^SSa 
S$-CS.-^C<t*5$>S,, CC-Tti. Cu©T«!!Mi l/T, 
^b 3 tlfc«WCft*fl:|W b^ i ft -S «fc ^ ft^S* 1 6 ft £ 
»«R*JBJ5Rr*i. C©T«*5^{b3nfciS^{C^ 

rn.it 3 nft *^ fc^ic t>gm tmmmmm-r z c t 
*i-c#^©r» m&mK(Diim*mm~e%2>. c©i 

W4lWt«itor#«ELr(,»T*>. [5]fllft^*if#64i 
S„ ft4B, T»Ril/t:fflV»fc*«BI*M{b-r4C4«: 

=torr#^,^mtt^-fb®i«. {t*attHss*»e.ii-tiT 

4>^3£*.ftt\, */cffitn:^<!:L/r«. 100 f/QcmJMT-C 
[0064] ft 4bb55 a^0*5TiflUg i LXm&Xfcfc 

L/. SKicuie^icPB^iic^-y-v-ii^^sft^is 
^refc. cu©»«*-©ffit5c^cu*^^sn-5^JS©» 

[006 5] 3 est t©£ y^t^b^Wb^M 
**wccw»)a5*B^«:«. jR«ottfflat^tKflE^ =^xx 

C0ff^>^<t'^^©Jg*J<i:ftS. *©^b(Cf$^AG © 

<B*soT?*n{i. ^(omtnw^mt-cib k> . ac<o 
■e&tttf. ^-©^-©^b^ai^Wfcec Ika 
c>0t?*n«. ^©^[S)©^{b«Saco?#ftt,^c<»:^ 

[0066] (ffii««j|^r ^.«*4©^bSi£;©^ 
{b«c4BWSAc ^*4t,>«'J7n-©Bg{ca^3&s 

^©ffi?:}^^. -€-©*6*J-(i*5Cu©AG «fc9*#C>£i*<c 



t 
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tltt&-i*-r«:cJH*j««-r*<t#-«>. fciittfaffloWfc 

[0 067] s/c. mriswwit«i!cD«j»*>&a*^ 

JB©K{k*E*Jh-rsci(cJ:»). +-JI©ac£t©_h 

£«**©BMbJ5lS«c*iW'-SAG y 7 n -©!&«:»« 10 
*«g 3 ft 3 |?fflm©g:3i^JE& 6 CKciSK?f JsSK: *ji > 

<,>£*m©AG <oift»ttJ:0**«.»4*«c«. 
JlCBHfcJ: 0 *> W«R©88Yb**flBt-r Sfc«>. A y +- 
»©BMfc*8«-r **&***«fc 0 WSKSHi*. 

[0068] § &tc. isia*««:tf e©*#*i»;ter*i 
^(cti. ^-y-V—(l©affi(c@^<t;M* s #&brt^-r 

Ay+-jiiawMi*ewr*i». -»<•;■*»•-■*— 

S^^WCBHOTfc. ^MJ6tx©±#«*ace>%^. 20 

[0 06 9] B«ia^m® ©fiHR^t i/ta, # 
y>f, cvDffioi>i*tit?(>m>. fi&R 

* * (,» « »; ^ d - * «c cuMf*3«c m a $ ft s mrnomit . 

^•©B#©#HM©^E«cJ:0a{bf BufB^mj!i©S 

■CQJBrtffl{c3IA3ftfcBBR*r^TaBn"C*6«:W© 

[0 070] fffB^MM^^-r £tc3s £ t,Ttt. Ti. 
V . Cr. Ni. Nb. Mo, Ru. Rh. Pd. Sb. La. W . Re. O 
s. Ir. Pt. TI, Pb. Bi. Nd. Sm, Er©5 %'Pt£ < t h 30 
imZStsZtifiMt LA*. 1ttC. Nd. La. Smtt. gMb 

SJtE{c*jW3=f^x©eSx^jl/^-^tfi©»Mffl 
^ ^-y^-Hi^-cyifflSft-rL^TiN ©BWbRJfcK: 

. vN-y^-jg©^t*PSiJTS5»m^#l^©-C. 

WSIA>. JK0}3ft&CUlRtX. CugfcttCu^O 

ftl<bffflt5Ci)!lSt#. Cft6©Ci{iAq^>Au©« 

[0071] M±<Dmitmt>mm®mit<&trj:z>ymfr 
zftzm&mzcu.AQ te«fccxAu©T*i!iJi<kur^f s 40 

c iccj: 0 , ffitfbjS7cJ5f&£jpJffl L//c y 7a-WcJ; 
Doia«>ii*E«%Jg(iW-5l«. Htf*'x©#aTK: 
*$W 4»rt!W8Hl«ctet»rTflW36*»{ b 3 ft T i> . JgftMg 

K©jb#*iaiBu js^(t!ffltt«:Wf zmmtm&vm 

[0072] sfc. *2©»w©»^«. anus©y 7 
n-tc^yto-c, y7D-ig^?:3ti2-r-5«ffifittStfei^ 
©SB. T&tofc«flM«c»to&— ttj^&Wffl-J-** 

©r&s. *>£gfi:©iSiatKas-ctt. fjia^m 



.^gfPFS - 3 1 6 23 3 
16 

*«^«w (^pmt-) ©*»*»*§£ sissfif y 

JjRSftfcfllKJ:-^ E3i!!i^*s!^WBI©ei»«:— 

t£#£jie#s£D£©-c. «sMtoasp«>6i!aa(^«>ffitk 

[0 07 3] C©£#. ^-rs-fftlt* (Eft) tt. 
«c»«<!fJtoi8tt**»;*:*< . JdtB (as depo ) 0tttc«fc 

lOO'CfiSffifF 3 C <h **t?£ 3. C C t?^-T 

2kq/mm J ttitCgSSSftS. */c. 

-*j£*tt. m&m<Dmmm*&cT. -eor. c© 
^tta^tc j: o r msp©a«>3i*^atc^ $ ft 4— 
^m«srt«c»px®g-csa $ ft/cffi^^bife £«sni 

n-jwiff'-rs. c©<t*©jjnf^«. -wtEtfjtt^&iBj 

*fl»<wi5r3W«fco y7a-©iH(Mb*ia*ct*sr**. 
fc/a, cc-c©-«ic;^©±is«. ¥^«S1*f4. 

w. wuv»c£(;&j&A«]ea/h3<. y ^ n -as 

[0 07 4]»2©«WK:fcW49WMliL/rtt. Ma 
gfti'*>?>^fco*!W6hs. -eur, cfte>©« 

t'©^rft-c*>j:^. *yt. Bfrf3fiS»B#©agmMF*j©s 
Mas*'h&< i/tfe^. i^ii^©^ B B H ^s(c#-, 
r rfi^-r a st^x * *3Wfflr s 4 . mmmv> y 7 

-< r * SrEPflmr a c i 0 , fea&©a*ffl^ssi© 
ct, ^awwiigKEnttrj-s-'t-frxwEtt-so vw± 
s»*o- ^W3-t±acitcii3. -e©^n*5ffijt$ft 
[ 0 0 7 5 ] 

*SAi©ti^. ^®*s^jb§ ft* i y 7 a-tt*«»«ttoft 

^1^©T. fijJBi^ lXio-'TorrJ^T©*^*^^^* 
*JnEEftB»-i-*Ci*i«F*Ot>. — ^M*iCu. Aq 
4> 0 < «Au©J»^. ^BBiS^bBl©jl7C*5S^-C$>*/c 

ft. Ba«a*««i-r*c4ttfli*>-r. cu. Aq. auS^ 
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<fc CfiBctt # * *S m K. . * £ t, > B3tS(c ft& L- <C ** 6 
l^ffl£ffiL,T&J:l>C<tttt^g-T?feftt<n 

SmffitaJ&sjS* 1.9/1 Q an. ^iHfiS& 779'C-C 
[0 07 6 ] C(D^2©^BJ-cJox.S— #fE*«. 1**4 

ffitt±t/stifcsi. smwMtm%:£&m£i,<. stem 

[0 077] *3©jWjM*. fiKMB^OD^mK^Cua. Aq 
K©8tllffi£0T:to»K RflteBIBfcbWfcJiS-rSWffi© 20 

toffl«:iSUrfc«J:t». £/c. C©!B3©#fc9irW:. PS 

#jir a iw®©x^ju ; ¥ r -©fijffl)tw-c^< . $«&£ig 
&mi,xmwmz±% < u. l < ttt&Att&sr'M < 30 

[0 07 8] &*J. CO'J^P-KfcUtB, WB5©tB 

»*s-r4©-c. i?ffi©^tt«:e>->fr*«fc^ftK 

"*©**G4i!»A. *Hc q, ©JW%a»Jfc». 

*jStt©fltett. BfifflE2J©#fit«:ffi(,>at» 
t*. KNfltAi^HA. B*fiflE*~**7 h-CfdcM-T-SCi 

[0 07 9] fnriaCu-Aqj*«. WSJKSjtTcJSS: 40 

y w r ^ * Enaw * c i k j: 0 . is ju&©t*in 

iQccu-Afl«©fiaK*SpItBt&0. ';7a-«*3 6K: 

W-50 VJiLh#M£ LA\, 

[0 08 0] *^BJ(iH2{c. 
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[0081] m4©An©H»^». a* 

©fe£@&rc«ttit £j£§t». y 7 n -nwaacc^ o 
r^^-^±©Jiwjw»*^»<s«3-e. *-<-;*±© 

7"y ?^©^*J:tf£?L©l6£*fflllW. EUW-Sfe© 
[0 082] cct, x-^-x±©*iaKji«. 

$(/<, Cti&©«J»Jt*»*«)/hS<«C*i«««©» 
^©^tt**5^f £/c©. fctx.«il ©MiSIl tc 
^6rt©«aj«Jl : &a, E»3I6IIB^-X± 
©*8Ugl¥* bilfcit. ;&5$. (2/3) a < b < (3/ 
2)a©»HKfltJItt#I^SftSC£*«a*W». & 

*>•. Hucijor. 7«sia Rtt£©KMkM. 8«cu 

©S9SBL lOtifcifctf SiQ, SI. SiNlg&i*© 

tmmx-kz. 

[0083 ] *fc. OTBJSWfctCfatf S^-Xi©* 
SJK^—SPI^* Lr®Kl€r(gi^f S/c*(C«, MP (Mech 
anical Polihinq). B?IH CMP. $>2>Mt-{ *>x ? 

[0084] tt*J. Al^SO. BulBMPfsiO' CMPtCj; 

tcii^ts: <!:©Ci^{t^J©S7ctt©i8^T'C©SSlMS* 

J*K JKSB*T-C©«M!H1 «f x. « <fc C ». 
[0 08 5] H«M*ScuM. AqK. Auil©i* 

iota, aTcJgi&^jiccjt^-r-s 2oo°c«±*sm* 

U<. C©&»©AMMMaStn^. S«k-*anl&. 

ja-c*>*e»©p«»»a«t-*au»!i*«flF*oc». 
j:^i|a»(«s«©iaflLh»*iKw*fc». ^ta*w 

©20%JWT<t&-5<t 5&#*#EEJfcte<fc0^b • JItE© 

[0 086] £tc. B5ffi^MaB#<D#fflm«77X-7c|3 
•C^<fc<. agmil©liSM ; &il7n14^X-7-5X-7te < tO' 
^bti^'xy^Xvtc^Bttc. Western 

cct, ls)B#(ci^-r^». gt-fbtt^'^fccfcO'S 

Tc&rtxzm&i<.&:i&-?z±i* tmmx$><o . o-rti© 

JS^'b. ffe©*'^iOt^r£t4*'x*5ilAO-ct>J;c^ 

^Cfc. BUlB^^Xvi Lt«. rf. DC. ECR, ^ 'J 3 ^ 
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[0 087 ] 2 hicmnmt u-at, ms&M. cu. Aq. 

AutcWCK < . ^ttlJS^-lO atm%tTF\ »Sl/<li 5 a 
JWT©Or£#ft 6 J&S &©•?&<}: I, Sfc. ?t 

Hsu*,, c©Tife^«. m.m-?z>&mm<DmMmi(D 
? ft r i » s c t atm* u < > /ci *.«ai cc*f or t* 

T^l':? r XTaA"l, T^tJU^T XNbAl, CutcMbTttN 10 
b. T*JU7 r^TaCu, 7*^7 7^ VYCoft i'd^Ptf^ 
ft£„ 

C0 08 8 ] #^8jw:3g3 «C. 4>ft < £ kl^btttfx© 
ffi^^r^m^©^^ CMPl?lf&©tf y ? isls9W±M 

[0 08 9 ] !Tftft*i. Ifi 5©#SHJi©*§£tt. ^aMES 

#e>. cuii, Aqua, AuMfflitsci-c. luta^^ 

W^L<riISia§l£ffM;t-&'<»:t,> i 5fc©-C 
[0 09 0 ] cc-cb, ^ttt^x©#!*^At?fe. m 

<mtf^s.i»imu&ic*s^x . 2»sigt©i^b©¥«s 

#EE«fc»3 Jt^ftCCttl xl0"'*^5x 10" 5 Torr 
ffgitcSse 3 ft -Si, ai*^-ft-rSCi!&< . Cu^M-C 30 

r«®ffi:f5(*iftia§ftcu©«Ea&*titw-rs. ms 
mi©^Bj©M@^<bia)^. nHb 
•£>„ -eLr$6«c. ^5©^l8©Slji*ffi«:*j(,^-c. mf 

Efisiwtcfcw sgMfctttf x*i ^^'aTctt^x©^ 

gtfttttfx i^Tctttf* <t ©¥ffi$i-JE J: «? & A* < 40 
{fctetf* taste*/* £©¥«#£«!: •) «>A£ < ft & J: 

CitcfcoT. &«ft)^#«j:g3ft£. S/c. HufcDjR 
W$tc4aW4¥3H*»«©fflft*. J&MfliW«:tb<-<-c 

BSDHft^i**?«ia«:«(Bai-r £ c <t «: j; -c «> . i3j«©fp 

fflS6**s»e.ft-5. 
[0 09 1 ] C©Jl^«Cu«l|!ge>TAq. Au 

*rT£. C©££. g?ibte#X<hbT Qi , COi , H 2 50 



W8-3 1 623 3 
20 

o ft £'#SSI £ U < . $ ft: c ft 6 ©il£#x ^TfiSiM^tf 
[0092] CCt, BUfBfiJai^fei L-Tli. fcix.« 

a*©x>< ? * y > yft. tsmkek ( •> h -»« 
iai©Biit) *iEtf r^w*»Rcc»r » ^e^-© 

£SAIfoR#*i*»fcfflBI«*'-« » * 'J > tsWKc 
^ a >X>* v Z V > ^ffifti'© 

e.ft^„ #«c. i©?^? nb^ist,»»^w. M^tt 
mm^tx.<\.> oiR^twBAufcaiiiKjcoaa-rsci 

*5g^iftor. iOW^r^^f htb©»*«2{>iitf 
[0 09 3] A^T^^^'^^ffi-Cj^* 

^r^^--y 5fi9^>yu. CulF^*5AS*-r-53>^^ h 
^-^©Hn^ifcabat »i i fc«c. wibx^- 9 93.9* 

Mtt^ilf^^Sfc^S. ftte. /W7^»*y> 
Arfi^:a^^<!;^ fcL< fl»&L.ft^. 7k 

si, ^^ffla^-ctforfc, BiTig©^>m^fe»ft. * 

fe v BUfBAr* -f*>©*^f**«— ©^l^ii^CiSie 
»©ffl«ttffiT*>. ^i($lS«?ntl,^C«!:^ 
€-©^©il^©X^- s» » y >^ffi-C©CuBI©J?XJIICtJ: o 

riiitsft?), 

[0 094] S^CCEnJDL/c^-fT^otx/ o 

+ >^*-rt-c 1 ^CuK©JiS;M*5 <to*2 ^cuMweSM^a 
«EW«:ff9Cifc-c#4©-C. JftK^n^)SM-r#2. 
2 Alette. «**SeOK<o»cu«**Hal**><9* 

s©ai^^f ^y >#u:mf l-o>j:^c. $>^m 
>f-eBf&Ltc&. ay>-*-*TsnB*e.«*urfiHH 

[0 095] *fcB?IB^5©^^il©t!liS*ffi{C*j 
/cSffiffiK, M^fc»*»*«ttSr7nr»-©*««*T» 



21 

CiKJ:!), WML MyulxRMZmm U/cCuS«>jA*Se 
aDMK^-.r, i^btttf*©^"?^^***^ 

Higu ?swi!ift4£wrs¥S{*^g£ti#vr£c4 
#nnii4&&. 

[0 09 6] SEfc. /SIgSftSCuJB&tt. CuSfc«Ci^-^ 

C 0 0 9 7 ] -T^^HI 1 ©*ii<*^©§!Jj£:fr&4:£ 
<isi^«: > Mb^*5®S14^<b^4&£^M*>e>ft&2g 10 

T*>, m 1 ©*^&£^©i^;£&K:teW£Til!!Jgi4 O 

[0 09 8 ] %&<Dmi<Dwm.-f]mt. #%?#**>©« 20 

[ 0 0 9 9 ] -rfc*>*>. JSSM©^^^^*®^ 
tt^iu a $*«c^*&b. cu 

H^fiXflrr^ /aM*7Jffl©CuflI*tU2^<<D <*[■?■** 
SATS. C©StAl/fc OjSjHH^ ««©» 

*A5[0|ig$4a^>o 
[0 10 0] Se.tC, 3l7ctt**XiU-C H, 

cumzf&m?z±. f$mi>c<imm 
«rr&c4#i-e#£ 0 

[OlOUJfc. l^btttfX&iU^TCtttfX©*!^ 

AuSrfgSrifrt^il&iAtJ C £ tf^ffc £ & So 
[ 0 1 0 2 ] £ MIBI&'fttttfX&.tO'jlTttetf* 

©ig£#*#H£Wc:tet,>T. ^7X7$%i^t, fc 

4;l«: 0' -f + >*4H»7y*^ H* 
«^y#;U£mS«*6t>«i68&3liS4 > Slfctt^ffli 

fi<b-C#. tctZ.lt 200'CmtVt>. Cu&4£3tftK:+ 50 



#B§¥8-3 1 623 3 
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«^©J£tft***TS&. S&SSte 200- 600'CHffi 

[0103] m6(omji(D$i3k-fimt. mm 
^tsm^moymm (f&m) «. tctuz am+zmxL 

tcCupAq, Au<D$-tr'v h4lU5C 4«C<J:-?T\ 

t>ttffi!{b1*fe#;*©«f&fi©*ra8>& 4«: <£ ^ r tf 5 c 4 #t 
«fcc>. $<=>«:. ^{btt^teJco'ji^tt 

[0104] coo^ecDifeBjosfjt^ffi^fcc^-ca, 
£^.«cu)S«:^snrc^ o(®e*) ictor. cuBg© 
£J|g*$HN3tl£. 3 6ft. CuM. AgK. Augtttif©* 

[0 105] £C5t, ^ajKA^#^£, CuHT-ti 

-ctttjrr * 5 u#ra#s < & 0 . wmt z&iE.mc mw. 3 

[0106]**:. C©J: 9ttfiSK*KW»rti¥fflffi 
±4 t?^|-i fj:S^b14#ffl«^S7ctt#Ha-C©^ 

t,^ct|^«. Q)MT-©SWS4tilJ-^4CSIJ©-r 4 
*^#g-C*S/ci*. ISWtx^4©!5:C^Cul!g i &^fC(S® 

[0107] K^*$tfJl*s«t^SK©fiRJS*i 



(13) 

23 

^ia^fcgSBStx^- ? * 'J > yffi. Tsm«:ffiieA*ffiS 
#Ji(Jf©*'^ $&T-^#S-&S=J y>-*3r»AT 

[0108} #&C. jgCDTX-^ htb*sSfC>ti^tt. M 

teJa-r^CiAs^i^-or, cfcW^T;*^* hit© 

*Sabiitf3S3aS*8*it*SJHt©fil±*ia z> c t 

■So £*E>cc. mrfB^Vrxx^-^ *y>^are. Ar&£* 

<*a««:iiiEtt<fc < ? i 6a*Kc e&i&ter s 

te*. HulSAr* -f*>#HPWfcSfcUT S*-><-^:> 
ybfcSfcfrSrX^^x^V^U OilgW^AWUt 20 
&KP©ftJgSuffla^*£>ft&t,><!: £ &«C, 5. 

» ? > f s n/cc^^F^iiEfcff bxt&m&*:±.tf 

[0 109]ftfc, C©t§i^. rt-47XX' , <y$V>i? 
Ar&£©^ffi1£;tfX£«£Ai:. 4>L<«^<« 

Sfc, Ar* -T*>©iN£#»K'N©?|*i£# 

tc^ci-^, ^©?£©ffi^©x;^2y>^are©iiE 
m!S©JS^{c<J:o-C+^[5iigL'f#So 30 
[0110] S6iC. gt£(tEPflirr£-'-WTX©on/ o 

«^ia*jiarr#s. sai. «wR*jeco«:<« f »cuR* 
SHU** >t jms t, %tttt(cTsnENi 
«:^»r^^jss©jsc^^<v * >;>y(c^f L-ct<t 

t»U *S<,>tt®**j@C0K:<t,» olgw^ilAb/cCu 
-©S:TSM*»6IX»)*orii^©X^--y tHcmfC-Ci> 40 
[0111] Sft7©fS9i©gB£:£&W:. ^■^=i>dri' h 

-»yf?±|gi or c h*hw. *ifi©is 

c>8lgB©j&ia&-5Jt6£Uft#t6. -*-c«3ia©^y 

[0 l l 2 ] ojKO. fiiem l-# 6 ©fMrct&iii, 
Ifcot, 7fe©SLJS*f«c4aH-r.S^*5'-->i'*©iSLn^ so 
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•s. t ©*&-£«:«. buIB ditt^tt^wo-rt,^© 
■c. .-e©^#«^t-ss@K,s©^^<=»-r. ss-rs 

4W<*«a^*«: «>««W«:HU^B*^it 6 C t ft& 
S. Lfcj&Jor. ii«ia5«l»±*sJ:o-tfy yf>*fM: 

c© dgtt. ^btt^^fcJro'jlTctt**^©^^ 

ffl^©^*7Xv43-c. ggK, *>->ji^{c^$n. L/ 

*> h ^-©Bfcufc Zfr h XttltUEM b 3 tx C i « 

[0 113] 3 *^HJ-C«> S©ie,^©TliKi 
UT, fc<fc;Uf TiN. Ta, Cr, TiW. Nb. T^JU^t^ 

TiSiN, T*Jl-7 r^Ti(0, N), 7*:>V7 7 X VKjo, 7 
■tJl'^TXNbCr. T^erJU^ r XCrTa. T^tJU^r^ Co 
V, T*;U7tXCoMo. r^CoNb, T*JU7r 

XCoTa T*Jl'7TXTaCu, T*^-7tXWN. 7*^7 

[0114] «ria»«^«:*»(,»r. s@e^4j^^5 

[0115] 
[0116] *Sfi09 1 

m2 (A) . 2 (B) . 2 (C) *Ji<y : 2 CD) . *J«fc 

-c, $fe-r> ^2 (A) KKfflWtcsvrj:5«:. BfSW>«fi 
S6^«l«rSa:WfcSiS« (100)9 JiK, Tttfei LrMil 1 
OOnrrt© p-SiNteU^lO^fiR^-r -S. S6tCl2 (B) K 
mm^iCfikrCtK. CVD«:J:«3 SiQ,M7^r lwm Jl 
(CjKJlKL/fc^ PEP. PvIECCjrO. X^-XiH 500nmi 

i/T. 02 (o icmmmic^tc:t<, sio, m 

7(C. 4f lMm lMm ©Jt6*^«*jgia0fc. 'X 
f)IB»6?:f^l//c SiOi 17I±(C, M2 

(D) «c»rMW^-rc:i< , ^N-y-^-JiiiiL-r tin 

£MJ!30nmEXJgf&. v ^ 'J > y«l«t 0 Mil 600nm© 

(t7*-il/) ^2ftMi|f<!:©S.m ; &tf-o 
[0117] ^«c. B3{C«WS«lfiS*5«-J:^tt«BEJ» 
tc. Tftfrti. f*f4©tS4g*5pjegr«cb-$-«#tgg^ 



(14) 



25 



o - * y - ^> ^i8, »ai^ffl*#SBi3^©//x«j&. 
wjfecfcc^awcc-tn-enBaaisnfcjisw- 19a, i9b 

&M;ffi0Xf&Z^m^$&S:&m&Ltc o CCD 

«EMffi9SK« * - > -fowmsk xmmM^ 

ffi^ior 7 Torr-C*0. <WA> 7-{>J:0§S 

#x**Ar*S«ffi£&-oTl>S. 10 
[0 118] -€\OT\ HE*-? h7*U-hl2$C, rfriBCu 

> 5 <fc 0 10" 7 TorrCCK^? I * *ff o /c 0 &CCBK ttt 

^'-p^CDJE^ 4 x 10 ~ 6 Torr ©tttK*T? v 600 °C. 10 
^»I»»«iffi*ffofclS#. M4 (A) fc*j*Tcfc5K:, 
»rtSB^<DSEtt*5HIK £ ft /c„ 

[01 19] ititmt lx 10- 7 TorKD*^^T?, 

650 °C, 10»PaJnJft^a«:tT'o/c*S**BI4 (B) OCtjx 
-T 0 20 

[0120] W±CDcfc 5 ft >J "7 D -©iSit«, 400 "C« 

iojfetoSiSUKtcr, 1 x 10- 5 Torr«T^S^>EETr 

mt&MFrLs V7V -**JflftiJ3 ft/c $ 6 CCCMP Cci: 

5, 2.0 /xQcm -C*^/c„ 
[0121] 2^»«rtto«*»«a. Mfttt^X* 

-tfi&mZ ft/c#, S«iSK£350 *C#> 

6450 -c<Dmm-c<D%mf8imcpt<c. mm^ms x 1a 5 to 

rr«T©«BHT?iBAL/fctB^CCfe, y 7a-©flB«S»* 30 
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[0122] mmm2 

mmmKDm&tmmic. H2 (a) tctommtcffiTc 
t < . mmommmz&vtcsmm cioo)9±*c v t 

S&il/TaSi? lOOnmCD p-SiNf^SlO^jSM-T^o 3 6 
&C02 (B) temffimiCTn'rCt < , O^CctO SiQ, 
)§7£ 400ren»6Cfl5l?KLfcf& PEP, RIECtefcO. 

800nm<!:Or, ^2 (C) CCtKBW^T 
<, fiffE SiQ, SI7 t/C x (I 400nm<OSI6*^»*^L 

2DCc»rBW«:^-rc:<b< . ^v^-mn£Lr TiN£ 

M/l30nm^)K^. X'* ? £ y > ^CCJ: OMJP 800nmCDCu 

/Co 

[0123] awe, niswii irac<ia3K:^r«Ej» 

/c a 

[0 12 4]** h^U- hl2tC, MfECult8£j?JcjSlO 
fcsiSfi9*S«U -eoan-^y-^v^isCCcfco 
Tfl^gEM0/c o CCD<b^(DK^Jg{i0.01torrffg'C^) 
«3, C©Jt^^*lCC^r*fM>«t«T. 450*C, 
30 m1n©f»^ffl*J!6Lr fc gJffiCuIR 8 * y 7 n 3 

tc 0 &*$ % ai*cbc>Tra. M*'^iut h 2 100 

%, hi 10%- 90%<DmfcfetfX<Dfr3kml,Xl*Z> 

a*. ^•rti<Dm'&i>mimtix£Lx. a 20%- k 

£0 V i4a*WRT*C±r«t&Lfc. 
[0 125] 

[an 





B 5 100% 




10%- N ? 90% 


ifctt 1/inin 


0.3 




0.4 


0.5 


1 


1 


Eft 


MJE 


ME 


MS 




mm 




9 ?n-J£R 


O 


X 


A 


O 


0 


A 



^L/c 0 cc-c, oen»i»©a«>ii**^3iai3© no 

%W±, AEn«8t<Dffl«f>ii*«*s«<DaiS© 100— 110 

o-{c<t-5a«>jA*a^*agsc[> ioo%*»co^-c^> 

BE<b OBB^ttlS 5 CCTnT CT i < Xh o /c 0 
[0126] flfEy ^P-^K^OEPOfctDCCO 

i^r, cMP«:<fc4ffi«jpx*tft^ *©iB«j^K* sem 

6C J: o r ^mffi^^ ffl'JS L td&m l.8uQcmX$>^tc 0 



ft*>\ jlTCtt^^ ( H, 10%- N, 90%) CD&S^o.4l 
[0 127] ^JfeF«3 

JUffi012<3[)iS^cc*j^r, KWxiur o, , h, 
o^Kiia - H.0^, MTtimxtLX i>L 

<te H 80%-CO2O%£-eft^ t ftJB0\ ^e-YV^-v'^ 

xfej:a t S7^^x*«oiiuTfla»i//c^«, piao 
*ffr««E»©»«E*tf o /Co 
[0128] ft*5, Wbtt*^* JcafflBctt^xi^E 
tCiffi*rtCS/coT, 10 secCDKffi3l#«FlBJ*ia5e-r*— 



(15) 
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27 



28 



# X (DffiM £ 0 . 11 /mi nCC$& — 0 X . J»fti®feff=tt 4 
50°C. 30 mini U &f btttf^teJrtffiTCtttf^lSD 
iiOfltteacWSO^IBd:. Culll<0?&*P©IR« H 2 100%* 



* «r0.n/mint?«*&Ufc o 
[0129] 
[«2J 





H ? 100% 


H 9 80%-CO20% 




5 


0.5 


0.5 


0.5 


0.5 


0.5 




°2 


°2 


H 2° 


H 9 0 


S 






5 


0.5 


0.5 


0.5 


0.5 


0.5 




3 


20 


20 


20 


20 


20. 




A 


O 


O 


O 


O 


O 



^u/c 0 ccx\ owizmcomzb&frmfim&zv no 
%w±, Aenwatcoa2«>ii*a^at<oai3© 100— no 



mum 4 

$mvi2<Dm&ic*$i,>x. MTu&tfxtox h 2 
fetfxtLx o, *at3. «4, 315, at6cc**i-en 

[0131] 
[*3] 



C«4] 



[«5] 



S&tf^JEACTorr) 


4 


4 


4 


4 


4 


• 4 




2 


3 


5 


10 


15 


20 


(°c) 


450 


450 


450 


450 


450 


450 


JBW^Btm Cmin ) 


30 


30 


. 30 


30 


30 


30 






O 


O 


O 


A 


X 






10 


10 


10 


10 


10 


10 


#JBEit (PH 2 /K) 9 ) 


2 


3 


5 


10 


15 


20 




450 


450 


450 


450 


450 


450 


MWBBHHI Cain ) 


30 


30 


30 


30 


30 


30 




ttffc 


O 


O 


O 


O 


A 






10 


10 


10 


10 


10 


10 


#EJt (PH^ /P0 9 ) 


2 


3 


5 


10 


15 


20 




350 


350 


350 


350 


350 


350 




30 


30 


30 


30 


30 


30 




Sfcfb 


mit 


O 


O 


A 


X 
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29 



30 





10 


10 


10 


10 


10 


10 


tffiEJfc (PiL, XPO^ ) 


5 


5 


5 


5 


5 


5 


mmmst c© 


400 


400 


350 


350 


350 


350 


mmms (min ) 


2 


5 


2 


5 


10 


15 




X 


O 


X 


X 


A 


O 



TorrEE*CD«7k3R#ffl«*r?*iPf*. &m$<<cr>^x s 

3, 314. 315, ^6ic^n-en»i±rm^L/c e CC 
OEn««a>aa>ii*»*s«ais© 110% et±, aeh 

l*m<D&to&&Mifim<D&2<D 100- 110% 

[013216*. lufS20TorrlE^CD)|5g7K^#ffla i: t3"C 
©^©ftfrOCC, N 2 ^:80%^/c^^-5>^X 
(Hi 20% , Nz 805©*fflC»yt«^fcl§l«©«*r*o 
fco ^Ut-lilt, TiNCDftfe(C/c<b^«Ta, 

Cr, TiW, Nb. T^rJU^rX TiSiN. WC 20 

o, T^;U^rXNbCr, T^U? t XCrTa, T^U? 7 
XCoV, T^JI/^tXCoMo, T -=6^7 r X NbCb. T^&JU 
:7 7XCoTa, T^r;U^ rXTaCu, 7^7 7 XWN . T 

[0 13 3] HAM 5 

BfS©*B««i««:Ba:Wft:Si»« (100)±&C, T» 
ctbTJgJl lOOnmCD p-SiNSft^JKU £ 6tC CVD&C<J; 
0 SiQ, H£ 400nmJlK3$;L/cf£ v PEP, RIEtCcfc 
9. X^-Xlfa 800nm£UT, fjlE Sia fflliC. fg 400 30 

[0134] *Cvt\ 8WB«*J&l5RLft: Sia JSM± 
CC. y + H1 tUt TiN*JRJf^Onm*CJ&lRf& CVDK1 
<fcOMil 250nm(DCuK J £rJffiIRO3fe. C<E>££\ >KiJ^- 

[0135] &te\ COftuiS Sia JStecfcO'CuJSOfiSM 

h r jy^;l/^-7>i0 [ (CF 3 CO) z CH] Cu(C 5 H 1 2 Si ) 
*JS*4±LT, ^ CVDCCJ:^-C?f o/Co 40 

[01361^/c, fiXi- JfiStttK 200°C, M*4#EEo. 
25Torr, }WM*f XOlV&MMlg. 8sccm, J&BSilgt 4nm/sec 
~C$>-otc 0 *<D», ^012©»^K:!gL^ 0, 20% 
- N, 80%*0.11/min©i»«rjft«!ffliSa±*«fcO«*& 
H, 10%- N 2 9Q%<DM7ntt#X 3:0.51/ m 
in<O8M|-C30 min(lIB#^^br, mflBCuJg£ 300°C"C 

[0137] &ipf&. i^ftctour sem&c^o y 
cu«*jBfiSLfc»^d:i5ittcc. j*©«a^#»#«j£3 so 



CD 127%T'£>-ofc 0 &te\ ^ipB^R:^ He 100%£rl"l/m 
in©«Bt?«iteOfc. 06 (A) te<fcO*^6 (B) 

•TO***. 

[0138] cwpcc <taia«»Dx*fT(r\ -eoee 

*0"H^ffi^J:or«««ta*aBSOA:tt* 1.9m Q 
[0 139] ^Jfe0iJ6 

tLXmJW 100nm£> |>-SiNM£ 7£j£U £6CC CVD&CJ: 
9 Sia 400nm/¥$CffJj&l//tf£, PEP, RIEiC<fc 

0, X-^-XiliS 800nm<tLT, 13 2 (C) CcKMWOCth 
TCT<J:<. luiB Sia RCC. (|g 400nmCD«*^»:«^ 
Ltc 0 

[0140] ^C^"C, |fflB»*JBJat,fc: Sia Hffi± 

;<yf-litt TiN4rW»30nmCCflEBl». iBX£ 
X'*?£MB«JBl>. y >^C<fc*31Sai 800nm 

*Btt««<fc©»«l%t7ofe. 6te, M&CutDx^v 
SiJjiX^K ix lo- 9 Tom HEKttArttf^ (K*-90 

°CWT) #ffl»"C)E* SmTorr, ^M3$gl5nm/secr ^> o 

[0141] ^cc mi^mmm^Tjk-r^^rxmsm 
«&2a Buta^ -#>S348a-&2o*±T^cc#g)$ -t± 

&ttEW#2i. »ufBttE^«2itcJ:oT±^^n5^- 
#>«tt«-&20©±ffl*WBEL. ^-#>SiS»^20(W 

nrt*Lfcjnfff»jaa*#W24. c(DMEj*«Hi#f*» 

24(C ^ < ^2 5^: /M/ r L /c5a7ct4 ^7 X fitj&ag 2 6, ffi 
KttIffi»»a*(*SB24CC««L, »PEE«y8kffi*(*SP24rt 
©Sf«*fT5n-^ >;-#>?27feJ:eMak#>^28 

[0142] ate. ca^SIMWKaa9iiBXSK«s 

10- 7 Torr"C&«9, («A) 7^><t0&i^'X 

**A"C*5«jSiaoTte0, ^^^cMSdc^ti^ 
<fc^tc, JinJE<*23©5tfi88BCC« Sia S 23a£Rtt/cSi 

«■ 23t#RBsnr^&. 

[0143] ^Ut, HfifB*-#>S!ttiB^20tc. Bute 
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M£%m& N 2 90%- H, 10%(DM7t:tt^'X 

>^'x) &;*^JET\ SEcfio.ii/mintc^L/rijicL', 

JD^i^S^ 300°C, 30 min, 4> L< < 450°C, 30 mini 
[0 1 44] $£gk*mil6<kVmi8( l c^tl?tifjkUtc 0 * 



32 



^«SWtC^ U /c h (D-C & 2> o 
[0145] CCt, i7 fc«JPi^S# 300°C<Dit^ 

*8«Jra^ga^ 45o°cc[)it^^n^n^L, g 

7P-©IS^ (BRJBtt) ffffitt. ^<D&3 D<bmi^ 

©ftfficuK/s a, n <£>tt^ ( elm /d) rffofco 

[0146] 
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O 




^^ffiSt/i Qcm 


1.8 


1.8 


LB 


1.9 


1.9 





^7 *J<fcc>*Sl8 CCtJl^T k OEP&S a^n /D= 1.2 
«Jb©»^«:, xEn«Q, ln /D= l*ii5<Dt§£-£, -En 

«»JS^i»D»^S:*n*n7n-r. #**rcc, tufa 
i)W&mw<D&mT?fct) istzfr-, tern-six. wu 

[0 147] */c. «EU7n-jfefNcte» 

»;7P-K^ ( a, lB /D) iEPflPlS^kgf/mm 1 i 
©H««rff9^0A:t><Dr t «CM0iM^ 300°C<E> 
»^«r. fl«D«flni»fiff# 450°CCDiS^^:^n^n^ 

[0148] g|9^&fe#;fr>*J:5tc\ EPJPlKAteJ:^ 

^»j7o- ttii?f u . ep an i6kgf / 

rrm 2 X?temmZ.B&W#>t>tl, EPflnjS^50kqf/mm 2 ttt 

[0149] $ 6>iC\ BJEftUfcSK 300°C. 30 min, EP 
finiS^ 7kqf/mm 2 r U 7 n~3 t*-fct§<&<t . ittnffitiBJK 3 
00*C. 30 min ( EPMEtflft U ) T? 7 P - 3 <t 

^4S10 (A)fcJ:O'10 (B) (cis-r. ccr, 
Hi o (a) ^Ep^pjs^^ftn^r u^n-L/cJS^-r* 

0 , cpmT*«Cu*|»*T* i A»tt«SlfflB^JiR3 

nri^otc^ot, hi o (B) ©en»nj£**ftii-r 
icy -7 u - btcm^cte, U7D -*s^+^rBfSI(D^I 

£^bi±T^0/c o 
[0151] T&fc>^ CCTttfcCuRK: lkgf/mm 2 &L± 



U1t?2>Ct&-e&Z> a #tt\ EPJtJOlS* 2kqf/mm 2 feLh 

[0152] ft**, coiawrc. as • »n«^aiccs 
tc^x, Cimz&f&Ltcsm&mmstzmmbtc&x. 

6n/c 0 

[0153] JfcttW 1 

friBci«©y7o-*?for^LA:«ffiia»*if 
io/cic5, inMt&s* 450-cfcLb. mmmmo min 

r^o/c 0 

[0154] msmi 

9rfi(Dttlbffi««IS»^:siSfi (ioo)±Cc, Ttfe 
cltlf lOOnmCD p-Si NBg^r^flR U % 3 6CC CVtftJ: 
40 0 Sia IS^: 400nmH$tff^b/cf&, PEP, RIEiCj: 
0, X^-^(B 800nmil/T, H2 (C) iC^SWtC^ 

■rc:i<, ma sia mic. m 4oonwtD»*^«*»jss 
[0155] ^c^r, «rsB8t*»jflEoyfc sio, K®± 

CC k ;<yt-liLt TiN^Sail30nm^i^, 
^-y*»EBft«l\ MM SOOnmCD 

50 [0156] &*>\ WrjIBAiJKcDX^- ^ ^ y > 



(18) 
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10" 8 Torr, BBNEEAr*/* < R«& - 90*CfiTF ) *JB^5mTo 
rr, ^SJSSSl0nm/sec~C^>o/c 0 

[015711H Bccrffii,*^/^ * • Traffic 
TO«o>«EWiw»^T*>©r^ we 

HI ItCtelvt. 29a, 29tf*n — *y#>^. 30a. 
30btt 31&*Sffii8*S 31a*5cfcO'Al 

h 3i^*gp^ieg s * * 32« io 

tS^T£n- F-fe;U 32bte£C>TliflBP- K-fe;U32b&t>tf 

fouxwmznitt 32c**ek3 

ftfcMSM&fflSRJS (^-;h7*UXft>/H, 32d« 
«BB»EEft 32c*»n*lTS t - * WRB5T?* S. 

[0158] xur, buibx^- 9 £ • mmm&mms<o 

^32<7>P-K-fe^ 32b±CCflBi£U 32a<DlEtt 
OCjr^T. 32c<h<DPalT\ lkgf/mm* ©— BlfctfJ 

^DX. 250°C, 350°C^L<« 450*CT\ 30 minfiPBE^ 20 



34 



[0159] cne>, U7P-(cj:orflt6caa>iiiti 
[o i 6 o ] la i 2cc0^$n/cJ:5cc, cc-c&aijji 

CC lkqf/mm 2 CD— l»JC6**W-^"i" £ C <ht\ aUR<Z>'J 7 
$>~z>tc„ 

[0161] mtmms 

£LX 7NQi*J«fc 0*6IMAq£/B;g L . £fl»K£K IX 10" 9 To 
rr. »i*GKAr#* 90 w CtTF> fiS, EE#5mTo 



rr, j5JJgj£g l~10nm/secT, ^9*5cfc(>*^10CC7^Ti: 

[0162] 
[SI9] 



CuJSCnm) 


600 


500 


400 


300 


200 




AgBSCnm) 




100 


200 


300 


400 


600 




X 


A 


O 


O 


O 


X 






2.2 


2.0 


2.0 


2.1 





(810] 



CuJBKnm) 


500 


100 


50 


25 


AgM(nm) 


100 


20 


10 


5 


mmmm 


1 


5 


10 


20 


Dmin/D 


1.0 


1.2 


1.4 


1.5 




A 


O 


o 


O 




2.2 


2.0 


2.0 


2.0 



vac* m&mmm&zw*ffimm**ti?nimLtc& t 

UttCttLX, N 2 90%- H, 10%(Djl7ctt^X^ll/min 
"C\ 450°C, 30 iirinllWHI*RC\ 

[0 16 3] C*i6, U:?n-cc<fcoT8»cc*aW&*ft 



'F-afel^*. cu, Aq©S^x> hahr-S»«cc«fc4fc 
m^K ®KiiK*10nm/sec<fc U ^/c^l 1 GtiKTCi 

< . sm&<Du&*mfo^3m&i> l < ct^a (23 

[0 16 4] f#e>tl/cSK**CC*tOT: % Q 20 

%- 80%<D^btt^X^S0.11/min-C, N 2 90% 
- H 2 10%CDM^^X^iSail/min-C|5jB$CC«J&L^ 



(19) 



8-316233 



35 



36 



# h . 300'C, 30 mi nf$MW%:1& 0 » fiatECulg^: V 7 O 

[0165] Cti6. y:?n-tcJ:^T«(cS»i&$ft 
fcCuflI<DJP£ Dmin £vt<D3£2 D(Dttri^T 'J 7 H-g 

^ccaiatt*iaio«j^tt*j£*x*«:j:o. -en-e* 



[0166]ill frhftfrZ <£ OtiL. SiSSOfflffitf 

[0 16 7] 
[*U 1 ] 
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23 


-196 
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0. 07 
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25 
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ESS 


SIS 


Sl« 


sis 




ERS 


5ISB 



m i o * 
5t-r, mmmmmmzmvtc e-o^smm < 100) 

JtCC* mm 100nmCDp-SiN g^ffil, £6CC CVtfC<£ 
9 SiQ, JJg£ 400nm/?CtJ5fllL/cf&, PEP, RIEOC^ 
rX^-^lfl 800nm£LT, BulB SiQ, JJI&Clfg 400nmCD 20 

[0168] mnZCiMVJ&miC^tc*) % y $28* t 

SK^S lXio- 8 Torr, iftJMffiAr*r^ (K,£-90°CJy 
T) . H^fSmTorrr^MSrtTo/Co 
[0169] CCtfflU/c7^ hP>X^£$^(D 

*ffiK»fc<ET (Wt) 3 30 
HH*^bL»*Ci*»6, HI 3 (A) fciCXH 
14 (A) CC^n^n^WCC^Jz^jQcAWS^Oflk 
AAlt^JK26.6° (LD:2.0) & U < te45° (t_D:1.0) * 



T\ J&iBilg£ 5—10nm/sGC<h^L/rM/l SOOnmCOCu 
[0170] ttfc, 0 13 (B) *$<fctf0 14 (B) 

[0171] -e<Df£. n*>tltc&&miCttL-C y Oi 20 
H 80%CD^fcf£;tfX£^S0.lVminT\ N, 90% 
- H, 10%(DS7ce^^*SSSn/min'CEINFtC«*&U^ 

[0 1 7 2 ] *1 2^6^>S<fc^tC, CC-C«.250*C 

[0173] 
[81 2] 



LD 


1.0 


2.0 




200 


250 


450 


200 


250 


450 




X 


O 


O 


X 


O 


O 






2.0 


1.8 




2.0 


1.8 



mmmi i 40 
$fc-r, mm<omwsmm=s:Wtmc6 -r>^sis« aoo)± 

iC, lOOnm p-Sitm*f8MU. 2 hlC CVDCC«fc«3 S 

iQ, M£ 400nmJ?«tTI5JjKL/tf&. PEP, RIEKiO. X 
•^-Xll 800nm<!:Lr. fJfB SiQ. flSCC. ifl 400nm©j$ 

[0174] 3ci»r. lWBB8l*JKliElyfc SiQ, JSffi± 
{c ^ijt-fi^t TiN«llJ*30nii«KBtfft. iffX^X 
£^g£fflt,\ 2 'J >^CCj:0Mil SOOrrni© 

Bute. ^#>miR cxm-c^isz? h*-jntMit>&&; so 



[0175] &*J. BJIBCuMCD^^'f £ >^fiSJg{C^ 
ottt, ii5Bg7N®Cu5rXM-^ 5WLtL. lU^K^S ix 
lO-'Torr. ^SAr^'X (SS£- 90'CJWT) #Hm-CE 
^) 5mTorr. 0cM jISl5nm/secT o fc„ 

[0176] >XtC. El 1 5 (Cfelg«tl&&W9ftCCjjV*-iJn 

I»p— 5 34a*s<fc(y ; ^ipa-7 34b*^^fSur^$ 
nfc*i$gP34<t. iftsE;*:f*8B34©-J£«Jtc&H;*ft. ^ 

s-rsi*ifif33*^#Lyt*- h v ^35*siRSfi^nsm 
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%k 38a. 38b, 38c cb, W IB*ft Sff 34ft CC ? * - 5 > ^ 

^ ^ > 39<b * a« ufc»«©»iBa» 

[0177] CC«*f, BUfBCu|g^ML/cl*f433 

* hT4— *£S lxior 6 Torr$rK^SfmU/c 
V *-*y#tfX (/cix.« N 2 90%- H, 1G%(£> 

7fc#i*g|$34rtCC % :7*-$>^;tfX (/c<h;U2 N 2 90% 

^ 34a. 34b^igi&?-i±r, stria*— h y *^35*c«# 
adm • jbejibmiw-. c(Dmm^mx\ m^cocum 

&£, Jjn^n--^ 34aCC<fc-or»DJ» • WEES JVC !I70- 
3*7,3, CCt, JJD^n-^ 34arart»T*t:~*K:J: 
9 40<rC«a*«J#U 34«*SfflJ£rFr* 
0. *ytP54ftC«fcSJ?JI« lkgf/mm* , [eI$E3lgl0cm/s 
ec~Cafe& 0 

[0 17 8] ±B«cJ:0Q*lty7n-«cj:->rfll«:«| 
3£jA^cCuIl£>J?£ Dmin tM<D^$ DOttX^-T V V 



(20) #BB5p8-3 1 623 3 
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[0179] mmm i 2 

« (100)±fC, Tttt^Ur^il lOOnmCD p-SiNRS:^EK 
-T£ 0 'XOT, CVDCCJ:0 SiQ, K£ 400nmlSecjBflEU 

PEP, RIE$C<£oT, X^L-^lpg SOOrmi L/T, 
MIS SiQ JR*C, its 400nm©»*^»[*JgflSL/c. 

[018O] -ecofg, MBflt«&tt(sfc sia Kffi± 
10 ;<'j+-BtUt TiN£MJ¥30nnfCJffiJg^, X-rS* 
*y>yCC«fc«JBW 800nm©CuM*^)Sb/c o C 
©i*^^y+-H*5<fcVcuROi0cJSBT«:, 7X>9IR CVD 

if o/c. 

[oi8i] Wc s Bufa^Mu/ccxiSi^cocir. x-^- 
x_h<DCuIg£: a/irtcj:oTSIl 3tc^-TJ:9&«/«cHiJ 

20 EHRO/cSL IOOK/HzCD rf Ar^X^^, Kf4X*K: 
-100 \&>'*<{TXnK.%:WlK\LX> ^CX^-^JzOCu 

kbit* l tcmztmmSimzm 1 > r mms*?t ^ fc. 

[0182] 
* [*13] 
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iti, ^<D»a-* y-jjo^istc^o-r^spmu 

/Co C<D<!:#(D^a«0-.01torr®e-C*4o flftffiS^ 
<D»HSUi, H 2 £ 0, <D#JBt ( P„ 2 / P 02 ) 30, IS 
ffi^20TorrCD#H^4 :l "C 400°C. 30»CD^^II, 
H 2 10%- N, 9&4<Dy * — X*P~C 650°C. 30 

#<D&*&ffl«:iS:5eofc. 40 

[0183] mnmtmzmisftmks *k*4«:o<,>t 

*S1 3KlflMtT«S%b«:. *1 3<D rffiHJ£Kj ©Jf 

CD r CMPf^O^LcDW^j CDJfgr, OEPttS?LOffl« 
^ttEttft 100mmc7)^^IT?, Unmg^/cO llKTt* 50 



[0 1 8 41 II 3^e>HJ6^cC<fc5^C, X^-X±(D 
Culfi* 100rmSKtCi8<BflO«<kLT4tfC»yt«^tt, V 

X^-X±(DCuHSil^ 600nm, 800nnKDit^^. ^'h 

[ o i 8 5 ] ^ hie. wmmm * mtiiBKcSA 

[0186] XtMPI 1 3 

[01871116 (A), 16(B), 16(C), 
16(D), 16(E). fcctOll 7 (A) , 17 



(21) 
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39 



40 



(B> . 17 (Oit c<ommm<ommmm^m^) 

icfnlstcbCDV, SfcT, HI 6 (A) OtKMftCC^rT tT 

htltcM& 150mrr<OSiS® 9Jb^C, CVDCCjrO SiQ, B 
7 3500nmJ*K: 0 /c Q 

[0188] ^<OVk. PEP, RIECC <£ ot, 0 1 6 
(B) KlKffiffJ&C^t" C<t < , lfS1500nm- 5000nm, $12 

<b*6i*JiiB£r4 3>^^ h*-Jl/«r PEP, RIEK<£ 
otMU ilJR a/office <fc-oT, MfB^>^^ h*- 10 

[0189] ^tC H fifB*6%JBRlyft: SiQ, fl!7ffl 
cc. mi 6 (C) ^ctKi^c^Ci<, cu©««*l* 
iT^/c^CD^^U^-glliUr, fc£;U2J?3 30nm© 

SCCcfc^T, &A^^10kWrMiP3000nmCOCuJg8 ^:Ses?) 

T&frtzifih. i i 6 (d) tcWrffiw^-rc:<b< % ^*y 

[0191] &*$ v C(Dt^^t>^-rt(t Ar/ H 2 20 
/ 0* fi^J:k*5u/20/ 2(D^Iia, ^E^^0.85 
PaiL/Co ^/S^^-y^iUtt, its 3 

hr B 1©8BI»t*75mn*Cia^U^:. 3 PID$IJ 

j]~CtKrJ3X *mA l> T 450°C Klfln8& 0 /Co 
[0192] MIBX^ y £ y >y»7«, HUlBCuM8 *s 

«-c*£*plt3&^ y$^7JM ^>>y 30 
( cmp) &K:<£oT, miia^^gpcDCuKSfeJ:^ tinM 
XL&m&LX* HI 6 (E) tc«fflttte*T<fc5ttcuE 

[0193] ±KWS«coi,vt sem&c<J: 9 y 7D-»tt 

1.3MQcmfelT"C$>o/c 0 40 
[0194] $ ecc, AQjtKKOlSS. ^SO/cOiBlta 
8aliS^xu^ HP-^-f^u— ^a^teitfx h uxv 

[0195] Se»«C. HI 7 (A) . 17 (B) fciO' 
17 (C) te % BUfBX^"^^y>^CC*JC^-C, CuM8# 

<DCu4HC QBS^-^SATi. *Lt, CO oJM^-cozlA 50 



17 (a) tcmmmtcnk-r&stc* 

[0196] $e>tc, 4ry ®7n14# 

sector. a*tt*BS4tiftws*K:atfL, hi 7 

(B) K:WrffiWK:**"J-J:5tt: % Cu*sfl|6rt«c»«pU-C3f6 

[0197] sect. o*i»aaBasx*^-t«T 

8*6rt&tt«K3fe»r& (017 

(O ) . 

[0 19 8] £/c, twax'*** y>y«c*$c»rtt. it 

ffctt#Xibr<D a fcctC^aTcttZ/XiL/T© Hi tfi 

a h, *ctb^rjKj£tt#iec»©r. cuK/5Ji 
r. ^WX«{B*4bbr«>-, Wi>Ktfa«ft©!MkbJ: 

tiki. MiBflER© a h, Stt£ccHtS3ft&c>. 

[0199] ttfc, ±iar«»«gUS^r 450°CCC^U 
-rjSSM*tfo/c*J, 200— 600°C<D^SiBBT\ SiSS 

[0 20 0] ^/c, ±5Br«iSa 150mm(7)SiS^iC>^ 
L/» [£S 300mmCD^ — V? b *TSraSBfit75mmi Ufc^^^ 

>^ * y > ^ffi-co«|(OjsH«*ff o to6*, «R«cwr&x 
y ^ -3? -s^r^s-r -5=3 y ^ 3 >x/^ > £ y > ^ 

[0 20 1 ] H?IBt? «CuJ^(DfiS^CO^r|ftB«b 

[0 20 2] HJSWI 1 4 

cosutewti, rx^fbtt 2\>xr<b^is z 2 

[0 20 3] 018 (A) t 18(B). 18(C), 
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Wfi^&SLWbtlltjS&L 150mmCDSiS^9±CC, CVDtt 
SiQ, JS7£ 600rnMlC&f&l,tc. ^<D'&, PEP, 
RIE&Cj^T, /c<t;U#E!l 300— 800nm<D^>^^ h 
*-;l/6a£ff£f£L/Co 

[0 204]^t t MfB^>^^ h*-;U6a*J!2RL 

fc sia 7fliffioc. cu<Dtt«*i»±'r*fc»©^y+'- 
tex/<** ■;>^fifetc<tor, ii 8 (a) tcKffitfjK io 

5Vi"£:£<. JgJ? 100nm(DCuK8CDl ^S^^rif o/Co 
[0 20 5] ttte. C©£***>^~rt«:, Ar/ H» 
/ ffi^Jfc* 11/20/ 2<Di&&Sll£u £Ettr*0.85 
Pa<hL/c 0 £/c, i£S 3 

OOrmKDMK 99.9999%<£>Cu£rffll/\ ^Olfi <h # — {f v 

bm<otm <tshhe») * 200^0^ u/c 0 &*>\ j$ 

[0 206] £6GC, siS«9« PID$«L/c PBNb — * 

«f»e«tt*rfiI±3^Sfc«>, 80Pa<DEfcrAr#X£:ag 20 
Alt 350*C*jB^.3tcl^fiBECC»aJ»O/c„ 
[0 20 7] C<Df£, StSSje^r 450 # CCC*J[tf)&U 01 

8 (B) fqKffifityc*vrc£<, WiB=*>*^ 

Ga^^MWCCJffi^iA^cfc^CC, /c<tx.^fllil 300nmC7>Cu 
[0 20 8] C<D2'Xf$^<Dtc#><DX'iv# l )>#1feT 

tc 0 ft**, C(D?^*p#H»«, SfcjKoiftaWMbaK 30 

[0209] ^^;M^^WJ»^>y 
( cmp) Sector, milB^>^^ h^-;i/6a^g[5cDcu 

«8te<tcjf TiM«*l»*L/r, 018 (C) te-K-ffiWfc: 

S*T<fc5tt. Cu^^Sbi C/c e 

cfcO SiQi K7' *Ji»RU »6<OJBH.- TiNSHn' <D 
Xi&ML CuO/&jg£ (»6rt^cD3flS») . *r%ij>\,j*i3~ij 
J^'J^»^toT, HI 8 (D) itftrffilftCCTjVr 
J: 5 ttcu*^*iB»8a*«^te*«ft«IB«:f#^:. 40 
[0210] ft**, H@I«£Ste, Rft^fcO 7X^^ h 
tb 2<D:n>££> h*-Jl/6a*^~ cca«s>i&*nr*jo, 

1.8M Q cmWT ~C o /Co 

[0 2 1 1] £6GC, eT^*-">fitJg^SiB«a*ff$ 

*flE«c»r*««Ht*fflEr* % Wcgi:/^ ^sb± • T 



«fB8¥8-3 1 623 3 
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/Co 

[0212] ±ErB, Cu«rJ5EB|-r*t»¥©SPBrttS 
USl&Z 350°CK. a¥omtHSait« 450'Cfc: 

XCDS^ik/cCi'tCjiorjSSiitRt?^. £/c, ±IB©J: 
5«cf»Brf*WO&^r. 3fc£iLtf2^JSW«K 450'CW: 

[0213] &*>\ C©SB*«(0»^fc. JSKft. 

XltMl 3©*B£±|iJ« 

[0214] HJWJ 1 5 

c©«6«tt, 7X^^ hi* ito»Wi*Blt*Jj:afT 

hit 3©3>dr^ h*---rt/©»«a:at*tf*» 

[02 1 5 ] HI 9 (A) , 19(B). 19 (C)*J 
J:tfH2 0 (A). 20 <BK 20 (CK 20 

?ARV6tlft:jCS 150mmCDSiS^9±CC, HI 9 
(A) GCKffiWKTF-r^i < > CVDCCct^^jf 850nm(7) 
SiQflS7, M/¥50nmCD Sir^41_ te^OHi? 400nrrtf) 

SiQ, «7' ^Jd^SB^L/Co 
[0216] -ecDt^, PEP. RIECC<J:oT, Bul5 SiN^ 

41*X^>^h^A-"i^ @1 9 (B)icKSW 

CCt^TC£< v /cciffi 400nm, 400rm <D?#6 

Sia mi' iCBWtLtc. 
[0217] yci^T?, m& PEP, RIE&J&bT, SINK 

4lfc<i:0' SiQi BIT*^*-^>yi/. 019 (C) (C 

KSW(C^*rcT£< , tc£Z.{fig.& 300nm v gg^ 900nm 

(Dri>^^ h^-JU6a^g:U/Co 
[0 2 18]^CDt^. 8JfB3>^f h*-JU6a*B»L/ 

2 0 (A) K:tK®ftGt^Tt:<t < . /cixtf^$30nm<D 
TiN^ll' ^r^JiU/Co 

[0 2l9]»c, ^t4^^y>^aot t 
02 0 (B) tcKffiWtC^*rC<h<, 30kWCDS:Am^ 
V. 300nnKDCuM8CD 1 ^M^r^fo/Co ^c4b\ C 

<D±$?- + >^-fote. Ar/ Wi / Oi ig^tb* 10/10 
/ 2<DS-£#BfL ^EE^^:0.85Pa<!: L/C. ^/c, X/n* 
hcltd it^ 300mmCDMa 99.9999% 

RE) 4 300mmtCStSL/Co 
[0 22 0] $6CC. PID$IJ»U/c PBNfc-£- 

e»tt*rftI±Sl***:»- 80Pa<DH*rAr#X£2»AO 

r 350 o c^ffix.^^MSccflni^L/c o 

[0 22 1] CCDta. 450-CCCttlSiL, 0 2 

0 (C) «HRHWCC^rc:<!:<. MfBrn^^h*-^ 
6afectO'?S6^^ffiW0Cai6iA^J:^(C, fc£^«BW 



(23) 
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300nmCDCuH8^:$e>iC2^MO/Co C<Dt^<D^^ 
Ar/ H,/ Q, 2 

©iS^»H««:aftS*fc. tt*>\ Tsraggg|«, WEI 
;&&JS<D*§£- t [§I D r ft £ , 
[0 22 2 ] C©2^«HR<Z>/cto(OX^^dr »;>^i»7 

&fc#>. /cii«Ar- ^ (Ar/ Hz / Q* S^i:b£ 
11/20/ (XDtg^X) #fflmr^PL/c 0 CCD 
?$£p#Bmtf. l!Wca7Ejm*«rfiloj:5«:«ESti 

JJ«C % *r*tJ)V*Jj~ij)\,&V visls? ( CMP) £6 10 

iCcfc-^r, Mia^6^i5<DcuK8 4dcfca' TiNii' m&m 

SUt, i20 (D) (c«ffiW0c*vrcfc5ft. qs?=?V 
fit 1.8m Qcn^T"Cfto/c 0 

[0 224] S6Cc v fT^*->»JSa>*ffiBB*JK 

BKCC»-ri««ttS:ffiEr*, #ltCu^ ^8b_h • T 
®r*V F*>tp? *^£uri>tti>c t*sflkB3h 

[0 22 5 ] &*>\ iiBCuJSCDJ&JJIte. ms&Krtv * 
i£tffl^til*£ltt©|fi|±tHSc t Wt 30 

[0226] g/c. ^(Dmmmom^h. timm. f&m 
t#njtgrft£ 0 

SlttOT 1 6 

hit 3CDn>^^ h*-JKOJBJ3EXg%$^i» 

[0 22 7] fiffSEl 9(A) V 19(B). 19 

(C) *$<fcCflg2 0 (A). 20(B). 20(C). 40 

2 0 (D) *#«ROr, C<3[«l*WI*ttWr*. 
[0 22 8] jtr. BfS©«Btt««*4l^JT»E»« 

«W^*R»&tifcfi« 150mmCD5iS«9±CC. Hi 9 

(a) dcmmmc7jkrct<, c^c^^omm ssonmo 

SiQ, 17, IK/S50nmtD SiNg|41. *5<fcOTR/l£ 400nnKE> 

siQi K7' ^m^xmmBf&Ltco -e-<d& pep. r 

L. 019 (B) fcBrffiffWCTjVrCt < . fct*.MM 4 
OOnm, 400nm (D?g6£: SiQ, R7' CCj^RU/c. 

[0 22 9] &Cvt\ fftf PEP, RIE^ffiLT, SiNR 50 
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41*5 ±0* SiCfc B7*^-i>^U. 019 (C) (C 
KffiW^Tn-rcri < . /ciitfSS 300nrrk 900nm 

tor, 020 (a) (cBrffiwcc^-rct 

<. /ct *.«OT$30nm© TiNRll' 
[0 23 0 ] St£tt*'***!J>^&«:J:or, 
§2 0 (B) teKffiWteSVTtrt < , ffiff 300nm£> Qd 

T-£SIA (*W) OfecuBlSJiEHOfc. 
[0 23 1 ]ttfe, C<Dt#^i*>^-rtfc:«: % Ar£55 
scc^StST'gM&U ^E^?^:0.17Pat */c. X 

/^jrjr-.y., hilttt, KS 300mmE> CflBH=-*#W 

[0 23 2 ] $e>CC. PItfM®0/c PBNt-£- 

ifcBW^+^tecfc^rBjeu ^OUHfcttM 
e*tt*WlJ:S**3k«>. 80Pa©BE*rAr^**AO 

[0233] 'X&ic. mmz-mMmomm&zftoxm 

T v 02 0 (C) tCWffiWCC^-rCTt <. KJ9 300nmCD 
Cu»«r^M0/Co «c*$, CCOt^^t^^t Ar/ 
H^ / a S^it^: 11/20/ KDil^H^t O. 
^^:0.85Pat0/c o *3ft % hilt 
Ci v iSS 300mmCDiMg 99.9999%<DCu*fl3lr\ #>^fit£ 
t^-y^ hNKDISK (TSftlSBgt) aoOmmKlRSO 
te. 

[0 2 3 4] ?6CC. S«« PID*WU/c PBNt-^- 

^(tt*|Sj±S 80Pa(DEE*rAr^xS:z»AU 
r 450 - C*jB^at*Sfi«:ttfi|jiLA:. 

[0235] tuiax^* 9 ^ y > #W7'ik. Wfvns&r 

- Hi S (Ar/ Hi / 0k =11/20/ (XDvg^tfX) # 

ia*«oJ: 5 CCRS $ ft 
[0 236] C<D«, *"S*r^y*x^U#y 
( cmp) ffiwiior. Buiaflt6^rSR©cid8*5<fco' TIN 

Wkn! ^^ir, 0 2 0 (D) «:KBBW«:*rJr9 

[0237] ftfe, Cu^*7 ^8b*J <fci>*Cuas6ji^B2»8a 

Rsttfcoorx-c^ hthr^i— tca«)ii*nr*j 

0. S/c^(Dgtn:a'J^?fo/ctC5. C^ftfetbStrL 
^ 1.8M Q only T"C ft o/c 0 

[0 2 3 8 ] $ 6&c v t:r^*->»ifi(D*fiisa*JK 
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[0 23 9] ftte, ±fB^*^r^tfCuMOfe ^O'CiMcD 

[0 24 0] <**>*C, Z<D9mm<Dm&t>* Cu(D<Xt>K) 

I4fl0t»^iiaa«:, <,>51>5<0SB& ^frKSa^oJ 
[0 24 1 ] 1 7 

5frS\ BfB©Jfttt««*SW*:SiK« O00)±«c % Tift 
iLr^fil lOOnrrtf) p-SiNlR*JI£j£U ?6(C CVDCCJ: 20 
0 .Si a JS£r 400nmf*6CJBfiSU/c«, PEP, RIEOCJ: 
9, X^-Xlfg 800nm<hUr, fJIB SiQ BS&t, ifl 400 

[0242] «ria»*?BflEufc sio, mm± 

CC. Ai/t-BiLtT^T XWSiN*JK/?30nmtC^S; 
, 3 6 CC 7 7 r X CuTa£ JiIJ5lOniTtJ?£J3t L /c. 

[0 24 3] MIBCuM© 1 ;&JAR& Mffi.UA* 350'C 
&C_bP?$i±T, Mi? 600nrrKDCuM*2^JSiU/c o CCD 
<L#, Ar/ H, / Q, 

2(D^^ffl^T\ r£JBi0.85Pa-C&-ofc tt 30 

[0244] maajsn& «ojBtt* sEM&crisgi l/c 

y*-^*M3eUfctt*. ^O^fSipI^ 2.0° <h*SHSB 

[0 24 5 ] £ f|ylB/&J]g£ CMrtCTlB^PXL/c 

»J3£-CJfc«ta# 1. 8» Q onWT-C* o fc e 
[0 246] S «rE*ffi-CJI5J3ELteWHB»CCO 40 

[0 247] ±E©J: 5Cccui»titt©J:(r»Tift*l*» 
*tU £6ttIBftkft_kU/c 0 50 
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[0 24 8 ] Ttttofe. TiftMi It, cutt^(DStRffl 

[0 249] Tililttt T-t^^r^CuTa 

OftljCC, Ta, W, Nb, Md, T^e^U^rX WCo, 
r^NbCr, T*)l>y rXCrTa, r^l/7 7 ^ CoV, 7^& 
;U^rXCoNb, T^rJU^ y XCoTa&££m>TfcMitf& 

> ^ ft <b*(D ^ X7X 9 =F > ^fc <fc *^ffi»^t*tf * 
[0 25 0] HJfeW i a 

[0 25 1 ] 02 1 <AK 2 1 (B) % 2 1 (C) ** 
J:OI2 2 (A) v 22 (B) , 22 (C) , 22 

[0 25 2 ] 5frT, mSOtttt««ft&^»TJIGtRffi 
«3W*»R»e>tifcita 150mm<Z)SiS«9±(t, S2 1 

(A) ^KffiWtC^T^4<, O/ttCJcOlSi/P 850nmCD 

Si a 17, lilSOnmCD SiNSg41, JKi¥ 400rtn<D Si a 
IK 7' *5<fcO^/¥ lOOnmO Cjg40^llH^S/l^ 0/c o 

[025 3] ^"CD^, PEP, RIE&CJ: ot, BUfB SiNM 
4i^x-^^>^X h i2 1 (B) 

CC7rrrC£<, /c<h^«itg 400nm, 400nm (E>*?t6 

« c^404dJ:O* SiQ, MT' KiffJlSUfco 

[0 25 4] ^C^t?, HO* PEP, RIE£J£lyT, SiKfil 
41*><fcO' Sia BlT*^4r--^>yo, 02 1 (C) CC 
BrSKjCC^-rr<h<, tc£x.&\MM 300nm, 900nm 
©3>^ h*-;U6a&JI£SOfc. 

[0 25 5]^, «rE=J>^^h*-il/6a«:J15RU 

02 2 (A) CcWrMWtC^-rc:4<, /c<b^«il$30nm 
<D TiNffltll' ZfSMlstc. 

[0 25 6] >XtC. S*ttX;^^«J>^i£{CJ;ot, 
H2 2 ( B) CcafrcSWtC^-rc:^ < . 30KWCD^:Am^l 
T v Mil 300nmCT)CuK8CD I'XfSM&'il o/c 0 ^^6\ C 
Oit^t^-fltt, Ar/ Hj / 0i g^i:b^l0/l0 
/ 2<OiB-&#H«. £I£^£0.85Pa4 U/c 0 S^t. 

f^^-y-; hilt(i, iES 300mm(D$i6g 99.9999% 

It) 300^^^^^ 

[0 257] ^6CC, PIDSUiSJU/c PBNt-£- 

G«tt*IoI±3i±Sfc«>. 80Pa<DJE^Ar#X£:zgAL 
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X 35O*C£0X&C>SK4Cfl[]gib/c„ 

[0 25 8] C<D'&. g«Sffi£ 450*C«CftMfcU 02 
2 (C) (CWm^CT^f C£< . f!uf53>*? r*-;b 
6a*»J:O f ai6*^ffiW«:*«Wi«fJ:!>CC. fc£*.HMW 

300nmCDCuM8 5:5 e>CC2^JSMU/c„ £©£*©?•"+• 
>^-F*3#fflSUi> Ar/ Hj/ Oi : m.-&ltZ-n/20/ 2 

cDM-smmmc^itzatc. TsrasESttt. grrei 

[0 25 9] C © 2 ;Xf8&(Dtcl£><DZ. /-t ? # y > i^T 

f*. smm^m-rztxomiz, cxm<Dmit*&j±? 10 

■2>fc*. fc<t;U*Ai— Hz ^ (Ar/ Hj / ft tg^-ih^r 

ix/20/ o©*i-£#x) SBm-c-teipo/c &*>\ c© 

[0 26 0] iXSfCC. 5 *.-*;UsP 'J ? 

( CMP) ffiKJ: o r . 0K40* # 'J ? i/> f ffjfcJB £ U 

r, 022 (d) icsmmmic^-r mssmmie 

nSWQuim 8 *S <fc CF TTNUill' * I** L It. 

[0261] *©«. ftja(cRffig*ffi&g*tsfcs3g 

SIS: H, / 0, ©iS^tb* 5 100/ l©^^ibt, 
ifSBmgK: 13.56 MHztDSS^igS^J 800 W£ 30ftmWtiU 

L-r. ^ i q, <bcrj©^#Hm©^-7Xv4't?. mrta 

cW4o*aw?w«:ii{*o. 022 (d> (c«ffiw«:is-r 

[0 26 2] ftfc. Cu7'^ ^8b*s<i;0'CuaJt)iA^-iE^8a 
tirfcO, cut*— tfJK-ffcSft&jfcofc. tt£t>ii. y* 

fgSSnitifetC, CMPflDI«c«fc4««>i&*Etttt£ 

[0 26 3] *yt. OT£0Ji&Ofc^{ti£8©5!&aic 
1.8wQant(Tr*-o/c„ S6«C, tT? 

[0 264] &4b\ C©^JS^(©^fe. Cu©ft*>D tc 

*h*mc £©=&#& tx-tt^x b. 3qm*ii2~3«mhi6 

©•ftiWKc. c»«c»%«DK)H. ftfHK£tt£#(5Jtt 
X$>Z. 

[0 26 5] jUSF"! 1 9 
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L>/c y y a -&ffiic£ orcua*ii*l3K*^-r 5 

ftSBfefbsn-ct. «ja^©jbj*£iiiB*sc£a«ijt& 

[02661023 (A). 23 (B) . 23 (CK 

2 3 (D) . 2 3 (E) *J«tO'2 3 (F) 

[0 267 ] 5frr. 023 (A) (t^J: 9<C. Bfrg© 
*WMH«*HWfcsi*lR (ioo)9 ±{c, TtiktLxmm 

lOOnm© p-SiNBl4l5rJf^L. SP>Ki23 (B) dCfjk 
CVDOCfcO Sift )R7 =fe 4OOnmlliC0figL//t 
ft. PEP. RIEtCjcO. fg 400nm. X-<-^lllI SOOnm© 

me *jj:i>'3>$^ b*-j\s&&mmmutc<i 02 3 

(C) ) „ n>£^ h7h-^©rx-<i' htbt* 0.5-C& 

[0 268] C©TiitCTiN ^^-^ D ^-)lll<t L/-C30nm 
J&MfS. Cu^8 ?:M^600nm KiC^/^ £ 'J >^CCi 0 
^MU/cl5?5f4. *sJ:0*TiN *'*V-¥-miitUX30rvti£ 
Mft. Cu©TittM4 U-C©Nd8i51 ; &^J?30nm. Cujgs £ 
B1^600nm y £ > J: <0 JxRM (/ /cKI4 (0 2 

3 (D) ) ifBsSOfc. ^•Ui'-jlii. NdBIsi aMs 

immmtamzn-ytt. 

[0269] ^(C, ^tl^tKOm-MC-o^ . 03 CC^"T 

CuM8 *m#>&A,tc (02 3 (E) ) . 
[0270] -TJito^. £-T?l£ffiMll*Sg;$:{*13©rtg|5 

>7 - i8fc J: <0%mmvtc. C©i #©*^ft«0.01To 

450 -C, 30S-P B 1©tin^II5:tf -ofc. 
[027 1 ] ftim, 'J7n-^*SEM {CfcOH^L 

c»-rn©sis4t?»gi5^©a*dA^a*5^§or)ii 

[0 27 2 ] y 7n-&©#!#isKtot,vc. siMs^fflo^ 
■CK3R^Wfi«ra i J5£ Lfc. »J -f-JI£G4g©fiflK:Nd!g 

*« v tin KteJ:ofaiB<t>©B!*«ttfcffiK»«Tr*o 
[027 3] HriBSgCf4«:o«CM> (C«fc6El^JJDX*t7 

i,\ sem ^.^wMnm^mm^icbc^. ^rn*>^ 
[0 27 4i3c(c. mmmmmncm^tc^ t*x-> 

©ffiB£ilS*H2 4 (A) . 2 4 (B) . 2 4 (C) . 
2 4 (D) . 2 4 (E) *J<fct>'2 5(F) {Cn^T. 
[027 5] S-T02 4 (A) CCtf-T i^CCSiClOO) S 
tS9 ±«C. M^lOOnm ©p-SiN Jg4l£ff2l?£U iX(^r0 
2 4 (B) tC^-T J: -5 (CCVD «C«fc0 Sift K 7^r4O0nm 



(26) 
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J5tej0ERO/cSL iH400nm . g$15.um <Dm&&%(&& < 
J&Otc (024 (C) ) o 

[0 27 6] C<DTtfcCCTiN &'*V^-mn±OX30nm 
j$R& CuM 8£600nm ItC^A „ jr y >^4C J: 
L/tt££k tecfcOTiN */<»J+-Huil/T30nmEHR 
NtfR51*RJS30niru CuM 8£JHJ?600nm WA?* 

[0 27 7] ^^©Kttfcos, H3(c^r«EJ* 
#ra«B*JBi>T, XlkM2&nWc. BMbiB5cSJ£«: io 

<£>f£CMP CCiSi3»»PX*tfo3fc (S24 (D) ) . 
[0 27 8] *fcC>T, Qj|B«**JSL&±EWfcJbtt:. 
12 4 (E) *C7jrr<fc5CC % Mi¥l00nm (Dp-SiN JJl4l€r 
Jfc/SflL CVDCC<fcD SiQ> R 7£400nm flKCjffiRU S 
£>0Cp-SiN Jjl4l£:100nm , CVD (C<£9 SiQ, M 7£:400n 

m *jn^jRu/co *toa, pep » rie icj:?) trr*- 

[027 9] c©trr*-^*5J:c«Pt«r«'rs»«±K:*20- 
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: TIN £A U f-illi L/T 30nm5£M?£, CuB 8£:600nm 

'J i"-JBll± OT30rmlKJKfa, NbJS51*a«30nm. Cu 
K 8£)»/l600nm W^ij>^J;0 j£R L fcK*4 

*ffJ5Sl/*i. '<U+-Rul NbRsi, CuR 8ttilttW«: 

*»53»«WHI*ffc^ »*5<fccXfcrr*-JH*3»ccciiR 
«(Dttoff> «cj:*BRJni*fTir». trr 

(02 4 (F) ) . H«^ffiCC± 
CCTiN OT30nml?£R^ CuR£600nm JI 

^©M<tS7cSH^*-C»P^IlL/c^4<b tbtt L/C. 
»**^r*i4«c*t 0 ttte, ii4^ oEPttffi 

[0 280] 
[*1 4] 



Bfbtttfx 




0 ft 20* - n 8 m 


JKS(l/nii0 


0.11 






h , ion 


H 5 10% - N j 90X 


aSCl/mia) 


0.3. 


0.5 


1.0 






o 


O 


O 


JkttC L 


o 


A 


A 



[0 28 1 ] $ ^(CNdCDf-tbDCC. Ti ,Nb,La,Sm,Re,v,R 

u.Rh.os.ir.pt £fflc>fcj^cc4>iiHi&^ma^#£n 

/c„ «8tC> Nd. La. Smtt. K{bSJt>(C*jW^^X©g 

=F-9ab»D*6*Mi «fc 0 < . U ir-»«!raMfc* 

[0 28 2 3 gU5fe0<J2O 

II 9£l5jDTMUt. TiN *;<«J f-Ii UT30nin 
CuJg*600nmJg «C*;S » 4r y > ^IC <fc «5 J&HIG 
fcSC^K te<fcJ>TiN £Ay -t*-S<tO-C30nml?Sgf£ > Nd 
M£JHJ¥30nm, Cu8I£:MJl600nm TXAj) £ 'J >^(C<t 

fc. 



40 



50 



[0 28 33 ^C^fHSfi^J 1 9 tlUDggg^flsV. O , 
20% - H , 80% =SrO-.lll/min . H ,10% - N 2 90% 40-.5 

£*«*«j£Lfc. ^ y toujg©r B i6CNdM»^ffi 

N^*j«to'ouas*©K^g«^tijiEWWTr*o/c. - 
Nd»3W»rto«c( f >Kf4K:oo»rtt v tin 0cf«c®?fR 

[0 28 4 3 mz&umiozoAP tCJz&«maX1:fr 

#T*-»fc. $64cHJiFiJl 9<h^<|SJ«(CLr. Hffi 

fc. H«©a«±«:. tin t^Vt-iit 

r 30nrrfiS;Pfg. Ci&< CuM?r 600nm JltC X 
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jtei,»«^«:tt > 10% *jMAs^^©±j*#s8A6ft 

*5S{«J2 1 

HJ1PI1 9 tmOTmc^ TIN £AiJ-t'-Ji < tLT30nm 
JSScSllft. Cu)S£ 600nmHE(t X A 9 jMj > {C J: *) Jtfifit 0 
fci^fif. tecfctfTiN *A>Ji»-giL-r30nii«£JSg«. Mn 10 
<hW ©£-&JlI£J]g/?30nni. Ci«<5rflS/l600nm Wa'.^ 
•J>y«:j:»)fiJiHOfcK»*fftsSt/fc. ^'Jt-l, Mn 
-w£&«> cuH»3«3Stt>rasttW«:jittl*tf-»te. 

[0 28 5] yu>t\ mmm 1 9 <tpi c^g^fflt,^, 0 

, 20% — H 2 80% 4 0.111 /mi n . M> 10% - N 2 90% £ 
0. 51/min©#B£l'£-Ci&£&S£fT ofc. ^I1SS450 
*C. 30^ra-C*^/c o *S*P&y «CJ:0 

fc. 20 

[0 28 6] V ^P-gC^CWKotrSt. SIMS£ffl(,> 

•cM3R*w«*ace L//c a y ^-e<tcu^©ra«:Mn- 

W ^RjW5PfiEf*t«sfK:oj,»T:tt. Mn-W ^Mrttc 
S^**feltH$tl/c*i. TiN Kte«tU r CuJgl4'©KSfi««l 

HRCCOO-CiS. TiN SOTJcHBRasftttlStifc. 
[0 287] tufBSI**4«CO^CMP «C <fc*|aiMpi*tf 
C>. sem «c«t0BHUBtt*ffMibfc4C6. 
W-C*o/c„ $ 6tc£ttHH 1 9 RI««cbr. Hiss 

tc, -r^*>-fe|51®©S«±{c. TiN 4Ai;+-HiLt 
30nmfiRI3lf&> ^:M(CBg-rC <t& < CuJU^eOOnm JVtCXA 

» # y > y«c<£ o^jhu-c. S7c^am* -cmu^mm 

Mn-W ^fe«*5*H,»9t^KOI,>T:J3:. 10%£m£f3& 
«K©JbJfcW8«>6ftfc. 
[0288] Mn-W ^£©tt;:b9 SC. La-Ni^. Pb- 40 
Ru-^-^, Bi — RUosie, Tl-Rh^#, Ti-0s^-#. Pb— Os 

mMWl 9 ilSJDTtfttC. TiN &Ay ir-Ii 30nm 
)?£Jg£f£. CuJH£ 600nmJfKC X A * y > tfVC <t 9 J&Jgl U 
fcSSfck *5<fctfTiN *Ay+-eiUr30nmSS)g^ V 
8S£)gJS30r¥n. CuJgSrJUJIeoOnm fX^' £ y > i/tc «fc 

[028 9 ] ntfiM i 9 tm cmszmt,K o so 
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2 2056 - H 2 80% £0.111/min . Hi 10% - N 2 90% £ 
0. 51/mn©#B»<ti-CS&&ffl£:f?ofc. Sft^IlSS450 

•c, 3Q»lffl-c* o fc. ftinfg y 7 a - jb«*sem cc J: 9 
S^L/c i>fh©^fc*si,>-cfc, gt3fc9-©H«?>j£^ 
fitfiSai <* ©no%W±-C, ^&S»i£^tK£^l/ 

[0290] y 7 a -f£©&i<W4K:o<,>T . sims^u 

rmm^mM^motc. Ay+-gicuig©ra«:v a 

fc. —73. v HI##i£L&l43mteo(,>TW:. TiNM* 

r«. odgtv mt<D¥mtt&tc. cu, va tt*{fc^ft 

[029 1] ffiSESSCftJCoacMP (Cj;6iB,tifiDX?r?f 
U. SB*(C<fc0E»JI!5tt*IWB[|Ofc<bC*.. C»m4>ft 
s 6ic*»j i9i^< leHicc . EHffi 

tc. -r^to%. IS]«©SK±«:. TiN ^Ut-liU 
r 30nm^fll?t. y^mCCBBT Ctt£< CuJH£ 600nm il(C X 

si u /ci3^4 <b ^obm tji7c#Bm* -c mem l fcsm 
■r*ttf4t?«. *g5x©±^5%wrtt i *^/c*5. viiAi 

a&^f#&(t-X>TW:. 5 7!;Mio% ©t5B©ie.^ig$i©± 

[0292] JW±©*^iJ 1 9 7b^2 2 rHJ 6*>tt <fc 5 
tc. Mhife*t^S«:i«cSiKJ®*>6«cS»SJ®*Cu©T 

Sft-Cfc. «MS£!5x©±^*[HljffU. *t>««tt**r 
[0293] 

~^3©¥^»«g©iiii§73&K:*ji,^-r«. H^W«cy 
i3S7^:©ff $114©iSll^^^g*?#-5 C 

{c*jc»t«. m^Mo y ^ a -tc <fc o a«>i&»Efli 

[0 294] ^B^«;^sm5~lg7©4ySft 
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^5fe<fc^6 ©^««{B® «a*ffir b . mum® 

ii*. *&to%^*drau&#6i*tt£©tt«>i&* 
[HDOflMMtKII!] 

dan *mmmzmm&mmomikt>mct<s^-c. 
m&m-c&z. 10 

[12] (A). (B). (C) *JcfcJ>' (D) B. 2tc#S 
[0 3] ^Kffi^isiWDKi^icUtt 

<B)tt, (A) K^«tSJfcW<fc#fcl:l/C7j* 

WMX&Z. 20 
[15] *#6^K^S^i^S©Si^^«:*JWS 
y 7 a-B$(DM7ctt^XiJi£fi<!:^®a^§rt)Ii©K^ 
0r£>&,, 

[0 6] (A) B, #&l8Ct^£3N*#gH©SSi£:frffi 
flflccfcor. cuR y 7 n-tt©WffiiK»%5%-j-aWW»f 
*t?*4. <B) tt. *»W«c«4*a«*»«©«Jt* 
SHHt&toor. g« y ? n -»©W3iKS«^rMSItflt 

[0 7] *#BWK«S*3W«S«©HaD5rffi«tc*jO»-r 
ffl^-SjJOEE • *Wfflffi»IE©WW(tJS!i*n«-|ar**. 30 

—mime. • imwmm(ommzMmm< l cm?mgmx'<sb 
[09] *»w«:«s*aw*»a©i(3ft»ffi«:*ji,»r— 

y 7a-K^>i©H»«**-riB«Blt?* 

4= 

[010] (A) B. *aW*KB©«JS*ffi««:*»i,»r 
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